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Abstract	  	   The	  Principal-­‐Agent	  (PA)	  problem	  –	  the	  lack	  of	  incentives	  for	  lessees	  to	  invest	  in	  energy-­‐efficient	  technologies	  –	  has	  been	  documented	  in	  the	  commercial	  building	  sector,	  but	  empirical	  research	  has	  been	  limited	  (Blum	  and	  Sathaye	  2010).	  This	  research	  empirically	  examines	  the	  difference	  in	  energy	  consumption	  between	  owner-­‐occupied	  and	  lessee-­‐occupied	  space	  in	  commercial	  buildings	  in	  the	  United	  States	  to	  determine	  if	  a	  	  	  PA	  problem	  exists.	  The	  first	  part	  of	  this	  study	  uses	  a	  repeated	  cross-­‐section	  of	  commercial	  buildings	  from	  1992	  to	  2003,	  to	  estimate	  an	  ordinary	  least	  squares	  regression	  of	  energy	  consumption	  on	  lessee/owner	  status.	  Oaxaca	  Decompositions	  determine	  if	  the	  difference	  in	  energy	  consumption	  between	  owner-­‐occupants	  and	  lessees	  is	  a	  result	  of	  differences	  in	  building	  characteristics,	  or	  differences	  in	  energy	  consumption	  conditional	  on	  these	  characteristics.	  This	  study	  finds	  owner-­‐occupants	  in	  the	  single-­‐tenant	  subsample	  of	  non-­‐mall	  and	  non-­‐government	  commercial	  buildings	  have	  4.3%	  lower	  total	  energy	  consumption	  than	  lessees,	  which	  is	  significant	  evidence	  of	  the	  Efficiency	  PA	  problem.	  This	  research	  finds	  no	  significant	  evidence	  of	  the	  Usage	  PA	  problem	  within	  the	  multiple	  tenant	  subsample.	  It	  is	  determined	  that	  the	  efficiency	  of	  building	  equipment,	  reflected	  by	  building	  occupants’	  behavior,	  is	  a	  much	  more	  accurate	  predictor	  of	  their	  total	  energy	  consumption	  than	  is	  the	  average	  characteristics	  of	  their	  building,	  and	  differences	  in	  occupants’	  behavior	  is	  likely	  caused	  by	  the	  PA	  problem.	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Introduction	  As	   reported	   by	   the	   American	   Council	   for	   an	   Energy-­‐Efficient	   Economy,	  buildings	  in	  the	  Commercial	  sector	  “account	  for	  19%	  of	  the	  energy	  consumed	  in	  the	  United	  States.”	  Within	   this	   sector,	   “the	   types	  of	  buildings	   that	  use	  more	   than	   two-­‐thirds	   of	   that	   energy	   are	   office	   and	   retail	   buildings,	   educational	   and	   health-­‐care	  buildings,	   and	   lodging.”	   The	   primary	   sources	   responsible	   for	   the	   energy	  consumption	  in	  commercial	  buildings	  are	  heating	  and	  lighting	  usage,	  accounting	  for	  more	  than	  half	  of	  the	  energy	  consumed	  within	  the	  commercial	  building	  sector.1	  	  	  In	  recent	  years,	  energy	  consumption	  has	  become	  a	  major	  concern,	  especially	  in	  the	  commercial	  sector.	  In	  an	  opinion	  survey	  conducted	  by	  Siemens	  in	  2006,	  “43%	  of	   respondents	   looked	  at	   sustainability	  as	  an	  expense	  related	   to	  regulatory	   issues,	  and	  only	  31%	  viewed	  it	  in	  terms	  of	  adding	  to	  financial	  performance.”	  This	  study	  was	  conducted	   again	   in	   2009,	   and	   had	   quite	   different	   findings,	   “25%	   of	   companies	  looked	   on	   sustainability	   as	   regulatory-­‐related	   and	   a	   sizable	   58%	   connected	   it	   to	  their	  bottom	  line”	  (Madigan	  2010).	   	  Businesses	  are	  realizing	  the	  economic	  benefits	  of	   reduced	   energy	   consumption	   and	   the	   technologies	   that	   provide	   it.	   Despite	   this	  increased	   recognition	   of	   the	   economic	   benefits	   of	   energy	   efficiency	   and	  sustainability,	  there	  remains	  a	  major	  impediment	  in	  the	  commercial	  sector	  towards	  the	  adoption	  of	  efficient	  technologies	  by	  lessees.	  	  Takahashi	   and	   Asano	   (2007),	   Visser	   and	   Harmelink	   (2007),	   and	   Reed,	  Johnson	  et	  al.	  (2004)	  all	  model	  the	  landlord/tenant	  relationship	  as	  a	  market	  failure	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  "Commercial	  Sector:	  Buildings	  and	  Equipment."	  ACEEE,	  last	  modified	  2010,	  http://www.aceee.org/sector/commercial.	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with	  respect	  to	  capital	  investment.	  Lessees	  in	  the	  commercial	  sector	  have	  limited	  or	  no	  incentive	  to	  purchase	  technologies	  with	  a	  high	  energy-­‐efficiency	  rating,	  generally	  costing	  more	  than	  an	  inefficient	  version.	  This	   lack	  of	   incentives	  is	  widely	  regarded	  as	  the	  source	  of	  the	  “energy-­‐efficiency	  gap”,	  referred	  to	  as	  such	  by	  Blum	  and	  Sathaye	  (2010,	   1),	   between	   those	  who	   both	   own	   and	   use	   their	   own	   commercial	   property,	  owner-­‐occupants,	   and	   those	   who	   lease	   commercial	   property	   from	   others.	   The	  absence	  of	   incentives	   to	   invest	   in	   efficient	   technology	   is	  widely	   referred	   to	   as	   the	  Principal-­‐Agent	   problem,	   the	   principal	   being	   the	   lessee	   and	   the	   agent	   being	   the	  landlord,	  also	  referred	  to	  as	  the	  building	  owner,	  to	  which	  the	  lessee	  compensates	  for	  their	  space	  (Blum	  and	  Sathaye	  2010).	  	  	  	  	  As	  defined	  in	  Mind	  the	  Gap	  –	  Quantifying	  Principal-­Agent	  Problems	  in	  Energy	  
Efficiency,	   “PA	   problems	   in	   economics	   refer	   to	   the	   potential	   difficulties	   that	   arise	  when	  two	  parties	  engaged	  in	  a	  contract	  have	  different	  goals”	  (Takahashi	  and	  Asano	  2007,	  11).	  Residential	  and	  commercial	  building	  owners,	  when	  faced	  with	  the	  task	  of	  replacing	   appliances	   or	   other	   energy	   using	   systems	   for	   their	   tenants,	   tend	   to	  purchase	   inexpensive	   and	   inefficient	   products.	   This	   is	   because	   building	   owners	  themselves	  do	  not	  receive	  the	  benefits	  of	  reduced	  utility	  bills	  by	  spending	  more	  on	  an	  energy	  saving	  unit.	  Additionally,	  tenants	  often	  cannot	  alter	  the	  property	  that	  they	  lease	   to	   their	   exact	   preferences,	   thus	   are	   forced	   to	   use	   suboptimal	   equipment	  chosen	  by	  their	  landlords.	  This	  study	  offers	  a	  quantitative	  analysis	  of	  the	  PA	  problem	  in	  the	  commercial	  building	   sector	   and	   potential	   policy	   options	   that	   would	   effectively	   address	   and	  correct	  for	  this	  market	  failure.	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Literature	  Analysis	  As	   suggested	   by	  Murtishaw	   and	   Sathaye	   (2006),	   the	   PA	   problem	   arises	   in	  cases	  in	  which	  tenants	  pay	  their	  energy	  bills	  in	  direct	  proportion	  to	  their	  usage,	  but	  cannot	  choose	  which	  energy-­‐consuming	  technologies	  are	  in	  use	  in	  their	  space.	  They	  refer	  to	  this	  as	  the	  PA	  “Efficiency	  Problem.”	  The	  problem	  also	  arises	   in	  the	  case	   in	  which	   tenants’	  utilities	  are	  paid	  as	  a	   flat	   rate	  or	  are	   included	   in	   their	  rent,	   leaving	  tenants	   unable	   to	   reduce	   utility	   costs	   by	   installing	   more	   efficient	   technologies.	  Murtishaw	  and	  Sathaye	  call	  this	  the	  PA	  “Usage	  Problem.”	  	  
Table	  1:	  Classification	  of	  the	  PA	  Problem	  in	  the	  Residential	  Market	  	  	  	   Choice	  of	  Device	   No	  Choice	  of	  Device	  
Direct	  Energy	  Payment	   No	  PA	  Problem	   Efficiency	  PA	  Problem	  
Indirect	  Energy	  Payment	   Usage	  and	  Efficiency	  PA	  Problems	   Usage	  PA	  Problem	  Source:	  (Blum	  and	  Sathaye	  2010,	  	  3);	  (Murtishaw	  and	  Sathaye	  2006,	  ii)	  	  The	   PA	   Problems	   have	   been	   documented	   in	   both	   the	   residential	   and	   commercial	  building	  sectors,	  but	  empirical	  research	  is	  limited.	  	  	   In	   their	   study,	   Blum	   and	   Sathaye	   (2010)	   apply	   this	   breakdown	   of	   the	   PA	  problem,	  originally	  modeled	  in	  the	  residential	  sector,	  to	  the	  commercial	  sector.	  The	  researchers	  study	  two	  subsamples	  of	  commercial	  buildings	  within	  the	  US:	  building	  occupants	  who	  use	  space	  heating,	  and	  those	  who	  use	  space	  cooling.	  They	  estimate	  the	  difference	  in	  energy	  consumption	  between	  owner-­‐occupied	  and	  lessee-­‐occupied	  buildings	   and	   the	   effects	   of	   the	   Usage	   and	   Efficiency	   PA	   problems.	   They	   find	   no	  evidence	  of	  either	  PA	  problem	  when	  the	  subsamples	  are	  individually	  examined,	  but	  evidence	  of	  the	  Usage	  PA	  problem	  is	  found	  in	  buildings	  with	  less	  than	  50,000	  square	  feet	   of	   space	   using	   space	   heating.	   Blum	   and	   Sathaye	   suggest	   that	   the	   difference	  could	   be	   attributed	   to	   building	   aspects	   other	   than	   the	   heating	   and	   cooling	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equipment	   that	   they	  examined,	  and	  recommend	   this	  as	  a	  potential	   area	   for	   future	  research.	   This	   study	   adds	   to	   the	   empirical	   evidence	   of	   the	   existence	   of	   the	   PA	  problem	   within	   commercial	   buildings	   in	   the	   United	   States	   by	   expanding	   on	   the	  methods	   posed	   in	   Blum	   and	   Sathaye	   (2010).	   In	   addition	   to	   heating	   and	   cooling	  equipment,	  the	  effects	  on	  energy	  consumption	  of	  building	  characteristics	  pertaining	  to	  building	  construction	  and	  utilized	  efficiency	  technologies	  are	  examined	  in	  a	  single	  subsample	  of	  central	  cooling	  and	  heating	  equipment.	  	   Costa	   and	  Kahn	   (2011)	   examine	   the	   effects	   that	   a	   building’s	   age	   (“Building	  Vintage”)	  has	  on	  electricity	  consumption	  in	  residential	  buildings.	  They	  find	  that	  the	  price	   of	   electricity	   at	   the	   time	   of	   construction	   has	   an	   inverse	   relationship	   with	  energy	   consumption	   –	   the	   lower	   the	   price	   of	   electricity,	   the	   higher	   the	   electrical	  usage	  –	  as	  assessed	  in	  2000.	  Due	  to	  importance	  vintage	  in	  the	  residential	  sector,	  it	  is	  used	  as	  a	  proxy	  for	  the	  commercial	  sector	  and	  is	  an	  important	  variable	  included	  in	  this	  study.	  	  	  	   	  	   Floridesa,	   Tassoub	   et	   al.	   (2002)	   study	   the	   effects	   that	   specific	   building	  characteristics	  have	  on	  summer	  thermal	  load	  –	  the	  amount	  of	  heat	  that	  needs	  to	  be	  rejected	  from	  a	  building	  to	  maintain	  a	  base	  temperature.	  They	  find	  that	  the	  amount	  of	   building	   insulation,	   the	   type	   of	  wall	   construction,	   the	   level	   of	   emissivity	   of	   the	  windows,	   window	   overhangs	   and	   awnings,	   and	   the	   shape	   of	   the	   building	  significantly	   reduce	   thermal	   load.	   However,	   they	   find	   the	   most	   significant	  characteristic	  of	  reduced	  summer	  load	  is	  roof	  construction.	  As	  determined	  by	  Prado	  and	  Ferreira	  (2004),	  the	  emissivity,	  or	  the	  amount	  of	  ultraviolet	  light	  that	  is	  able	  to	  pass	  through	  a	  window	  into	  a	  building,	  and	  potential	  surface	  temperature	  of	  roofing	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materials	  has	  a	  very	  large	  effect	  on	  how	  much	  heat	  is	  passed	  to	  their	  surroundings.	  	  This	  affects	  heating	  and	  cooling	  needs,	  thus	  window	  type	  and	  roofing	  material	  have	  a	   very	   large	   effect	   on	   how	   much	   energy	   a	   building	   uses.	   Controls	   for	   roofing	  material,	  and	  by	  extension,	  wall	  materials,	  are	  used	  in	  this	  study.	  Lighting	   also	   serves	   as	   an	   important	   control	   in	   this	   study.	   Li,	   Cheung	   et	   al.	  (2010)	   assesses	   the	   effectiveness	   of	   efficient	   lighting	   technologies	   and	   light	  dimming	  controls	  on	  energy	  consumption	  reduction.	  They	  find	  that	  the	  use	  of	  both	  efficient	   lighting	  and	  dimmers	  can	  lead	  to	  a	  28%	  reduction	  in	  total	   lighting	  energy	  consumed.	  	  	   Sezgen	  and	  Koomey	  (1998)	  examine	  the	   interactive	  effects	  of	   the	  reduction	  in	   energy	   consumption	   of	   commercial	   lighting	   on	   energy	   consumption	   used	   in	  heating	  and	   cooling.	   	  Assuming	   that	   light	   is	  distributed	  well	   through	  out	   the	   floor	  space	  and	  across	  all	  building	   types,	   they	   find	   reducing	   the	  energy	  consumption	  of	  lighting	  will	  have	  neither	  positive	  nor	  negative	  effects	  on	  the	  energy	  consumption	  of	  heating	  and	  cooling	  equipment	  in	  the	  examined	  sample.	  In	  this	  study,	  the	  effects	  of	  lighting	  are	  controlled	  for,	  but	  the	  interactive	  effects	  of	  lighting	  and	  heating/cooling	  equipment	  are	  not	  included.	  	  Empirical	   research	   examining	   the	   PA	   problem	   in	   the	   commercial	   market,	  similar	  to	  that	  of	  Blum	  and	  Sathaye,	  using	  a	  thorough	  list	  of	  important	  controls	  like	  the	  aforementioned	  building	  characteristics	   is	  absent	   from	   literature	  pertaining	   to	  the	   PA	   problem.	   This	   study	   empirically	   examines	   the	   PA	   problem	   while	  incorporating	   these	   significant	   building	   characteristics	   to	  more	   accurately	   predict	  differences	   in	   energy	   consumption	   between	   owner-­‐occupants	   and	   lessees.	   This	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study	   also	   incorporates	   methodology	   to	   explore	   the	   source	   of	   the	   energy	  consumption	  gap.	  This	  methodology	  explains	  if	  the	  consumption	  gap	  is	  actually	  due	  to	  the	  PA	  problem	  or	  simple	  differences	  in	  building	  characteristics.	  	  
Research	  Methods	  
	  
Data	  	   This	   study	   uses	   data	   collected	   by	   the	   Energy	   Information	   Administration	  (EIA)	   in	   their	   quadrennial	   Commercial	   Buildings	   Energy	   Consumption	   Survey	  (CBECS)	  for	  the	  years	  1992,	  1995,	  1999,	  and	  2003.	  These	  data	  are	  a	  repeated	  cross-­‐section	   of	   commercial	   buildings	   in	   the	   United	   States	   with	   floor	   space	   exceeding	  1,000	  square	  feet.	  The	  survey	  reports	  census	  region,	  climate	  zone,	  building	  square-­‐footage,	  building	  usage,	   type	  of	  energy	  used	  and	  how	  it	   is	  used.	   It	  also	  reports	   the	  amount	  of	  energy	  used,	  along	  with	  many	  other	  more	  specific	  technological	  building	  characteristics	  and	  climatic	  measurements.	  	  The	   sample	   selected	   for	   this	   research	   consists	   of	   multitenant	   lessee-­‐occupied,	   single-­‐tenant	   owner-­‐occupied,	   and	   single-­‐tenant	   lessee-­‐occupied	  buildings.	  Multitenant	   lessee-­‐occupied	  buildings	  are	  those	   in	  which	  more	  than	  one	  tenant	   leases	  commercial	  space,	  excluding	  those	   in	  which	  the	  building	  owners	  use	  space	  for	  their	  own	  businesses.	  Single-­‐tenant	  owner-­‐occupied	  buildings	  are	  those	  in	  which	  there	  is	  only	  one	  commercial	  space	  that	  can	  be	  leased,	  and	  it	   is	  occupied	  by	  the	  building	  owner.	  Single-­‐tenant	  lessee-­‐occupied	  buildings	  are	  those	  in	  which	  there	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is	  only	  one	  commercial	  space	  that	  can	  be	  leased,	  and	  it	  is	  occupied	  by	  a	  tenant	  that	  is	  not	  the	  building	  owner.	  The	   primary	   dependent	   variable	   used	   in	   this	   study	   is	   total	   annual	   energy	  consumption	  (AEC)	  measured	  in	  British	  thermal	  units	  (Btu).	  There	  are	  four	  primary	  independent	   variables	   used.	   The	   first	   is	   a	   dummy	   variable	   indicating	   ownership.	  The	   second	   is	   utilized	   floor-­‐space,	   measured	   in	   square	   footage.	   The	   third	  independent	  variable	  is	  recorded	  annual	  heating	  degree-­‐days.	  A	  heating	  degree-­‐day	  is	  recorded	  for	  each	  day	  in	  which	  the	  utilized	  space	  is	  heated.	  For	  each	  day	  in	  a	  given	  year	   that	   heat	   is	   used,	   the	   total	   degrees	   to	  which	   the	   building	  must	   be	   heated	   to	  maintain	  the	  temperature	  of	  65OF	   is	  recorded.	  The	  annual	  sum	  of	   these	  degrees	   is	  reported	  by	   this	  variable.	  The	   fourth	   independent	  variable	   is	   cooling	  degree-­‐days,	  recorded	  in	  the	  same	  fashion	  as	  heating	  degree-­‐days	  for	  the	  days	  in	  which	  building	  cooling	  is	  used.	  In	  addition	  to	  these	  variables,	  controls	  include	  variables	  describing	  general	   building	   characteristics,	   such	   as	   hours	   of	   operation,	   year	   constructed,	  building	   activity,	   and	   census	   region.	   Controls	   are	   also	   included	   for	   building	  characteristics,	  such	  as	  the	  type	  of	  windows	  and	  lighting	  used,	  type	  of	  fuel	  used,	  and	  type	  of	  heating/cooling	  equipment	  used.	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Descriptive	  Statistics	  
	  






Multitenant	  	  	  	  	  	  	  	  	  
Lessee-­Occupied	  Total	  Energy	  Consumption	  (Btu)	   1.05	  Billion	   916	  Million	   1.53	  Billion	  Square-­‐Footage	   11,691.4	   9,973.1	   21,587.1	  Heating	  Degree-­‐Days	   4,099.3	   4,121.2	   4,248.5	  Cooling	  Degree-­‐Days	   1,338.2	   1,363.1	   1,214.2	  Hours	  of	  Operation	   54.8	   59.6	   55.9	  Year	  of	  Construction	   1,966.0	   1,966.3	   1,966.3	  Observations	   4,162,789	   1,536,501	   587,145	  	   From	   Table	   3,	   single-­‐tenant	   owner-­‐occupied	   buildings	   have	   higher	   sample	  means	   for	   total	   energy	   consumption	  and	   square-­‐footage,	  but	   lower	   sample	  means	  for	   heating	   and	   cooling	   degree-­‐days,	   hours	   of	   operation,	   and	   year	   of	   construction	  than	   single-­‐tenant	   lessee-­‐occupied	   buildings.	   When	   single-­‐tenant	   owner-­‐occupied	  buildings	   are	   compared	   to	  multitenant	   lessee-­‐occupied	   buildings,	   the	  multitenant	  buildings	  have	  higher	  sample	  means	  for	  all	  key	  variables	  except	  for	  cooling	  degree-­‐days.	  
Chart	  1:	  AEC/SQFT	  Single-­Tenant	  Owner-­Occupied	  
	  
Average	  	  110,929.7	  Btu/ft2	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Chart	  3:AEC/SQFT	  Multitenant	  Lessee-­Occupied	  	  
	  
Average	  79,885.5	  Btu/ft2	  	  
Average	  115,887.1	  	  Btu/ft2	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As	   displayed	   in	   Charts	   1,	   2,	   and	   3,	   the	   total	   energy	   consumption	   per	   square-­‐foot	  within	   these	   three	   subsamples	  varies.	  The	  multitenant	   lessee-­‐occupant	   subsample	  has	  the	  lowest	  average	  total	  energy	  consumption	  per	  square-­‐foot.	  This	  subsample	  is	  followed	   by	   the	   single-­‐tenant	   owner-­‐occupant	   group,	   which	   is	   followed	   by	   the	  single-­‐tenant	  lessee-­‐occupied	  group.	  Although	  the	  average	  consumption	  per	  square-­‐foot	  differs,	  each	  group	  shows	  a	  very	  similar	  distribution	  across	  observations.	  	  	  
Recreation	  of	  Blum	  and	  Sathaye	  (2010)	  	   The	  first	  section	  of	  this	  study	  estimates	  the	  ordinary	  least	  squares	  regression	  proposed	   by	   Blum	   and	   Sathaye	   (2010)	   to	   compare	   the	   difference	   in	   energy	  consumption	   between	   owner-­‐occupants	   and	   lessees	   to	   test	   the	   existence	   of	   the	  Efficiency	  and	  Usage	  PA	  problems.	  This	   first	   step	  serves	  as	  a	  basis	   for	  subsequent	  empirical	  analysis	  and	  tests	  the	  validity	  of	  the	  proposed	  methodology.	  
Table	  3:	  Groups	  affected	  by	  Efficiency	  and	  Usage	  PA	  problems	  
Source:	  (Blum	  and	  Sathaye	  2010,	  3)	  E:	  Efficiency	  PA	  Problem	  U:	  Usage	  PA	  Problem	  B:	  Both	  Efficiency	  and	  Usage	  PA	  Problems	  N:	  No	  PA	  problem	  (-­‐):	  Not	  applicable	  	   In	  Table	  3,	  Blum	  and	  Sathaye	  identify	  the	  instances	  in	  which	  the	  PA	  problems	  exist,	  with	  the	  cases	  examined	  in	  their	  study	  shown	  in	  bold	  font.	  They	  examine	  these	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PA	  problems	  using	   the	  CBECS	  survey	   for	  2003	   for	  buildings	   in	  which	  only	   central	  heating	   and	   cooling	   equipment	   is	   used.	   They	   also	   limit	   their	   study	   to	   non-­‐government	  and	  non-­‐mall	  buildings.	  	  The	   researchers	   identify	   that	   although	   the	   PA	   problems	   exist	   as	   shown	   in	  Table	  2,	  not	  all	  cases	  can	  be	  examined	  due	  to	  limitations	  in	  the	  CBECS	  2003	  data	  and	  due	  to	  the	  nature	  of	  the	  landlord/tenant	  relationship	  in	  certain	  cases.	  In	  the	  single-­‐tenant	   lessee	  group,	   the	  Usage	  PA	  problem	  could	  potentially	  be	  examined,	  but	   the	  data	  used	  fails	  to	  report	  the	  method	  in	  which	  energy	  payments	  are	  made	  –	  indirectly	  or	  directly	  (paid	  by	  lessee	  or	  utilities	  are	  included	  in	  rent	  payment).	  Because	  of	  this	  limitation,	   it	   cannot	   be	   reasonably	   assumed	   that	   tenants	   pay	   indirectly	   for	   their	  energy	   bills	   in	   single	   occupancy	   buildings.	   In	   this	   same	   sample,	   an	   Efficiency	  problem	   can	   be	   observed	   based	   on	   the	   assumption	   that	   in	   single-­‐tenant	   lessee-­‐occupied	   buildings,	   occupants	   will	   usually	   pay	   directly	   for	   their	   energy,	   since	   a	  single	  occupant	  is	  responsible	  for	  all	  energy	  used	  by	  the	  building.	  	  For	  the	  multiple-­‐tenant	  owner-­‐occupied	  group	  of	  buildings	  where	  all	  tenants	  are	   owners,	   there	   is	   not	   a	   “split	   incentive”	   between	   landlord	   and	   tenants,	   as	  required	  for	  the	  PA	  problem	  to	  be	  examined,	  but	  shared	  incentives	  to	  have	  efficient	  equipment	  (Blum	  and	  Sathaye	  2010,	  4).	  This	  same	   incentive	  exists	   in	   the	  multiple	  tenant	   mixed	   owner	   and	   lessee-­‐occupied	   groups.	   A	   Usage	   PA	   problem	   could	  potentially	   be	   examined	   in	   the	   lessee	   units	   within	   the	  mixed	   group,	   but	   the	   data	  does	  not	  specify	   the	  proportions	  of	  owner-­‐occupants	  and	   lessees	   in	  each	  building,	  thus	  multitenant	  mixed	  units	  are	  not	  included	  in	  this	  study.	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Blum	  and	  Sathaye	  examine	  the	  Efficiency	  PA	  problem	  in	  the	  single-­‐occupant	  lessee	  group	  who	  have	  their	  central	  heating	  or	  cooling	  equipment	  provided	  to	  them	  by	   their	   landlord.	   They	   examine	   the	   Usage	   PA	   Problem	   in	   the	  multitenant	   lessee	  group	  who	  also	  have	  landlord-­‐provided	  central	  heating	  or	  cooling	  equipment.	  They	  use	   the	   single	   tenant	  owner-­‐occupied	  group	  as	  a	   control	  –	  a	   case	   in	  which	   the	  PA	  problem	   does	   not	   exist	   –	   to	   compare	   the	   effect	   of	   the	   PA	   problems	   in	   the	   two	  subsamples.	  	  Notably,	   there	   will	   be	   at	   least	   a	   small	   portion	   of	   tenants	   who	   pay	   both	  directly	   and	   indirectly	   for	   their	   energy	   in	   both	   the	   single	   and	   multiple	   tenant	  subsamples.	   As	   reported	   by	   Levinson	   and	   Niemann	   (2004),	   	   nearly	   a	   quarter	   of	  rented	   residential	   apartments	  have	  utilites	   included	   in	   their	   rent	  payments	   in	   the	  United	   States.	   It	   can	   be	   reasonably	   assumed	   that	   these	   payments	   apply	   to	   both	  single	  and	  multiple	  apartment	  buildings.	  Although	  this	  evidence	  is	  drawn	  from	  the	  residential	   sector,	   it	   is	   likely	   that	  utility	  payments	   are	   included	   in	   the	   commercial	  rents	  of	  at	  least	  a	  small	  portion	  of	  both	  single	  and	  multiple	  tenant	  buildings	  as	  well.	  This	   does	   not	   discredit	   the	   assumptions	   of	   Blum	   and	   Sathaye.	   The	   conclusions	   of	  Levinson	  and	  Niemann	  simply	  suggest	  that	  there	  is	  at	  least	  some	  overlap	  of	  the	  two	  types	  of	  payments	  in	  each	  group.	  Blum	   and	   Sathaye	   estimate	   four	   separate	   weighted	   least	   square	   (WLS)	  regressions	   of	   the	   form	   [1];	   the	   first	   pair	   of	   regressions	   evaluate	   the	   Usage	   and	  Efficiency	  PA	  problems	   in	   the	   group	  using	   central	   heating,	   and	   the	   second	  pair	   of	  regressions	   evaluate	   the	   Usage	   and	   Efficiency	   PA	   problems	   in	   the	   group	   using	  central	  cooling	  equipment.	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[1]	   AEC=	  α	  +	  β1(SQFTxDDay)	  +	  β2(Owner)	  +	  β3(Owner*SQFTxDDay)	  +	  ε	  In	   regression	   [1],	   AEC	   represents	   annual	   energy	   consumption	   and	   SQFTxDDay	  represents	   square	   footage	  normalized	  by	  degree-­‐days.	   This	  model	  will	   be	   used	   to	  test	   the	   difference	   in	   AEC	   for	   owner-­‐occupants	   and	   lessees	   in	   buildings	   utilizing	  heating	   and	   cooling	   equipment	   in	   separate	   regressions.	   	   In	   regressing	   AEC	   on	  SQFTxDDay,	  the	  coefficient	  β1	  reports	  the	  effect	  of	  an	  additional	  square	  foot	  of	  floor	  space	  on	   energy	   consumed,	   called	   energy	  usage	   intensity	   (EUI).	  Β3	   represents	   the	  added	  effect	  on	  energy	  intensity	  for	  the	  owner-­‐occupied	  group.	  If	  this	  coefficient	  is	  positive,	   the	   owner	   group	   has	   greater	   energy	   consumption,	   and	   there	   exists	   no	  evidence	  of	  the	  PA	  problem;	  and	  if	  it	  is	  negative,	  the	  tenant	  group	  has	  higher	  energy	  consumption,	  which	  is	  evidence	  of	  the	  PA	  problem.	  
Developing	  a	  More	  Comprehensive	  Model	  	  	   Blum	  and	  Sathaye	  (2010)	  point	  out	  that	  although	  they	  confirm	  the	  existence	  of	  a	  difference	  in	  AEC	  between	  the	  owner	  and	  non-­‐owner	  occupied	  buildings,	  they	  did	  not	  consider	  that	  physical	  building	  characteristics	  could	  have	  large	  effects	  on	  the	  energy	  consumption	  of	  the	  occupant.	  The	  second	  section	  of	  this	  study	  examines	  the	  energy	   consumption	   of	   owner-­‐occupants	   and	   lessees	   when	   specific	   building	  characteristics	   and	   building	   technologies	   are	   controlled	   for.	   This	   portion	   of	   the	  study	   relies	   on	   the	   classifications	   and	   assumptions	   used	   by	   Blum	   and	   Sathaye	   in	  identifying	  the	  Usage	  and	  Efficiency	  PA	  problems	  as	  shown	  in	  Figures	  1	  and	  2.	  The	  CBECS	  survey	  data	  is	  also	  used	  for	  year	  1992,	  1995,	  1999,	  and	  2003.	  To	   determine	   the	   difference	   in	   energy	   consumption	   between	   owner-­‐occupants	  and	  lessees	  when	  specific	  building	  characteristics	  are	  taken	  into	  account,	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a	  series	  of	  WLS	  regressions	  [2]	  are	  estimated.	  AEC	  is	  regressed	  on	  heat	  and	  cooling	  degree-­‐days,	  square	  footage,	  the	  owner	  dummy	  variable,	  and	  each	  variable	  available	  in	  the	  CBECS	  data	  believed	  to	  be	  a	  significant	  factor	  in	  the	  energy	  consumption	  of	  a	  commercial	  building.	  [2]	   Ln	  AEC	  	  =	  α	  +	  β1(lnHDDays)	  +	  β2(lnSQFT)	  +	  β3(Owner)…	  βklnXk	  +	  ε	  Each	  regression	  of	  form	  [2]	  is	  estimated	  to	  examine	  the	  Usage	  and	  Efficiency	  PA	   problems.	   Buildings	   utilizing	   central	   heating	   and	   cooling	   equipment	   are	  observed	   together	   in	   each	   regression,	   and	   by	   association,	   heating	   and	   cooling	  degree-­‐days,	   which	   is	   a	   major	   difference	   from	   the	   methodology	   of	   Blum	   and	  Sathaye.	  The	  two	  groups	  are	  combined	  because	  central	  heating	  units	  often	  provide	  central	  cooling	  as	  well,	  so	  observing	  them	  in	  separate	  subsamples	  would	  eliminate	  interactive	  effects	  between	  cooling	  and	  heating	  equipment.	  	  By	   controlling	   for	   building	   characteristics	   –	   for	   example	   roof	   or	   wall	  construction	  –	  and	  reporting	  coefficients	  in	  natural	  logs	  instead	  of	  levels,	  the	  effects	  of	  a	  change	  in	  any	  of	  these	  characteristics	  is	  represented	  as	  a	  percentage	  change	  in	  AEC.	   The	   coefficient	   β3	   will	   represent	   the	   difference	   in	   AEC	   between	   owner-­‐occupants	  and	  lessees	  as	  percentage.	  A	  positive	  value	  for	  β3	  represents	  greater	  AEC	  for	   owner-­‐occupants	   by	   the	   percentage	   indicated,	   and	   a	   negative	   value	   indicates	  lower	   energy	   consumption	   for	   owner-­‐occupants	   by	   the	   percentage	   indicated.	   A	  negative	  value	  for	  the	  coefficient	  β3	  will	  represent	  evidence	  of	  the	  PA	  problem.	  
Examining	  the	  Difference	  in	  Energy	  Usage	  Between	  Owners	  and	  Tenants	  	  	   The	   final	   step	   in	   this	   study	   examines	   the	   source	   of	   the	   consumption	   gap	  between	  owner-­‐occupants	  and	  lessees	  in	  subsamples	  in	  which	  there	  is	  evidence	  of	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the	   PA	   problem.	   The	   consumption	   gap	   could	   be	   caused	   by	   differences	   in	   the	  observed	  characteristics	  of	  the	  two	  group’s	  buildings,	  for	  instance,	  average	  square-­‐footage	  differences.	  The	  consumption	  gap	  could	  also	  be	  attributed	  to	  differences	  in	  the	   behavior	   of	   the	   building	   occupants,	   for	   instance,	   how	   much	   an	   additional	  square-­‐foot	  of	  floor	  space	  increases	  total	  energy	  consumption	  for	  each	  group,	  which	  reflects	   the	   efficiency	  of	   the	  building	   equipment,	   or	   the	   efficiency	  with	  which	   it	   is	  used.	   It	   is	  also	  possible,	  and	  probable,	   that	  this	  consumption	  gap	  is	  explained	  by	  a	  combination	   of	   both	   building	   characteristics	   and	   differences	   in	   the	   building	  occupant’s	  behavior.	  For	  this	  step,	  an	  Oaxaca	  Decomposition	  is	  used,	  a	  method	  originally	  designed	  to	  test	  for	  bias	  and	  prejudice	  in	  labor	  markets	  and	  proposed	  by	  Oaxaca	  and	  Ransom	  (1994).	  In	  running	  separate	  regressions	  in	  the	  same	  form	  laid	  out	  as	  [3],	  for	  owner-­‐occupants	  and	  lessees,	  the	  behavior	  of	  both	  groups	  will	  be	  determined.	  [3]	   Ln	  AEC	  	  =	  α	  +	  β1(lnHDDays)	  +	  β2(lnSQFT)	  +	  …	  βklnXk	  +	  ε	  	   The	  Oaxaca	  Decomposition	  utilizes	  the	  behavior	  of	  the	  owner-­‐occupants	  and	  lessees,	   reflected	   by	   the	   β-­‐coefficients	   from	   these	   regressions.	   It	   also	   utilizes	   the	  building	   occupants	   average	   building	   characteristics,	   calculated	   separately	   and	  reflected	  by	  sample	  means	  for	  the	  variables	  used	  in	  these	  regressions.	  The	  following	  regressions	   are	   simplified	   to	   better	   demonstrate	   the	   procedure	   of	   the	   Oaxaca	  Decomposition.	  [Owner-­‐occupant]	  AECOwner	  	  =	  αO	  +	  β1O(HDDaysO)	  +	  β2O(SQFTO)	  +	  β3O(Hours	  of	  OperationO)	  [Lessee]	  AECLessee	  =	  αL	  +	  β1L(HDDaysL)	  +	  β2L(SQFTL)	  +	  β3L(Hours	  of	  OperationL)	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If	  in	  this	  example,	  only	  heating	  degree-­‐days,	  square-­‐footage,	  and	  hours	  of	  operation	  have	   an	   effect	   on	   AEC,	   β1O,	   β2O,	   and	   β3O	   are	   estimated	   by	   running	   the	   Owner-­‐occupant	   regression,	   and	   β1L,	   β2L,	   and	   β3L	   are	   estimated	   by	   running	   the	   Lessee	  regression.	  These	  coefficients	  represent	  the	  behavior	  of	   the	  building	  occupant.	  For	  square-­‐footage,	   the	   corresponding	   β-­‐coefficient	  would	   reflect	   the	   increase	   in	   AEC	  for	   a	   one	   square-­‐foot	   increase	   in	   floor	   space.	  The	   sample	  means	   are	   calculated	   as	  simple	  averages	  of	  the	  heating	  degree-­‐days,	  square-­‐footage,	  and	  hours	  of	  operation	  used	  in	  these	  regressions.	  The	  coefficients	  and	  sample	  means	  are	  then	  entered	  into	  the	  following	  calculation.	  
Oaxaca	  Decomposition	  Calculation:	  
Diff.	  in	  AEC	  between	  owner-­occupants	  and	  lessees	  =	  β1L(DDaysL	  -­	  DDaysO)	  +	  β2L(SQFTL	  -­	  
SQFTO)	  +	  β3O(HOL	  -­	  HOO)	  +	  (αL	  –	  αO)	  +	  (β1L	  -­β1O)DDaysO	  +	  (β2L	  -­	  β2O)SQFTO	  +	  (β3L	  -­	  β3O)HOO	  The	  sum	  of	  the	  first	   three	  terms	  represents	  the	  predicted	  difference	   in	  AEC	  between	   the	   owner-­‐occupied	   and	   lessee	   groups	   due	   to	   differences	   in	   building	  characteristics	  if	  both	  groups	  had	  the	  same	  behavior.	  This	  is	  a	  way	  of	  standardizing	  the	  effects	  of	  the	  building	  characteristics.	  The	  sum	  of	  the	  next	  four	  terms	  represents	  the	   predicted	   AEC	   as	   determined	   by	   differences	   in	   the	   behavior	   of	   the	   building	  occupant,	   given	   the	   same	   building	   characteristics.	   Giving	   the	   owner-­‐occupant	   and	  lessee	  groups	   the	  same	  building	  characteristics	   standardizes	   the	  effects	  on	  AEC	  of	  the	  building	  occupant.	  If	  the	  sum	  of	  the	  first	  three	  terms	  is	  negative,	  then	  the	  owner-­‐occupied	   group	   has	   higher	   AEC	   as	   predicted	   by	   differences	   in	   building	  characteristics.	  If	  the	  sum	  is	  positive,	  then	  the	  owner-­‐occupied	  group	  has	  lower	  AEC.	  If	   the	   sum	   of	   the	   last	   four	   terms	   is	   negative,	   then	   the	   owner-­‐occupied	   group	   has	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higher	  AEC	  as	  predicted	  by	  differences	  in	  their	  behavior.	  If	  the	  sum	  is	  positive,	  then	  the	  owner-­‐occupied	  group	  has	  lower	  AEC	  (Oaxaca	  and	  Random	  1994,	  8).	  	  If	  in	  the	  previous	  section,	  it	  is	  determined	  that	  owner-­‐occupants	  have	  lower	  AEC	  in	  either	  the	  single-­‐tenant	  or	  multitenant	  subsamples,	  it	  is	  expected	  that	  this	  is	  due	  to	  positive	  differences	  in	  the	  behavior	  of	  the	  owner-­‐occupants	  and	  lessees.	  The	  reason	  for	  this	  is	  because	  the	  behavior,	  or	  β-­‐coefficients,	  reflects	  the	  efficiency	  of	  the	  buildings	  used,	  and	  the	  PA	  problems	  directly	  affect	  the	  efficiency	  of	  the	  technologies	  used	  in	  a	  building.	  	  
Results	  
	  
Recreation	  of	  Blum	  and	  Sathaye	  (2010)	  	   Using	   the	  CBECS	  2003	  survey	   to	  recreate	   the	  results	  put	   forth	   in	  Blum	  and	  Sathaye	   (2010),	   the	   following	   results	   are	   for	   those	   utilizing	   central	   heating	   and	  cooling	  separately.	  
Table	  4:	  Heating	  (Btu/SqftxHeating.Degree-­Day)	  





All Occupancies=All observations in sample 
 
 
Sample 2003 1992-2003 Sample 2003 1992-2003 
 EUI EUI  EUI EUI 
























L-O -7.484 -7.783 L-O -7.042 -10.727 
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Table	  5:	  Cooling	  (Btu/sqftxcooling.degree-­day)	  
Sample 2003 1992-2003 Sample 2003 1992-2003 
 EUI EUI  EUI EUI 




Single, O 56.856 
(0.000) 27.461 (0.000) 




Multi, L 39.554 
(0.000) 17.601 (0.000) 




All Occupancies 49.247 
(0.000) 23.217 (0.000) 
L-O -10.557 -5.879 L-O -17.302 -9.86 





All Occupancies=All observations in sample	  These	  results	  exhibit	  the	  same	  relationships	  seen	  in	  those	  of	  Blum	  and	  Sathaye.	  	  For	  both	   buildings	   utilizing	   central	   heating	   and	   cooling,	   the	   single-­‐tenant	   lessee-­‐occupied	  and	  multitenant	  lessee-­‐occupied	  buildings	  had	  lower	  EUI’s	  than	  that	  of	  the	  single-­‐tenant	  owner-­‐occupant	  control	  group,	  as	  seen	  in	  row	  5	  (L-­‐O)	  of	  tables	  4	  and	  5.	   Because	   owner-­‐occupants	   exhibit	   higher	   EUI’s	   in	   each	   of	   the	   four	   subsamples,	  there	  is	  no	  evidence	  of	  an	  Efficiency	  or	  Usage	  PA	  problem	  within	  these	  subsamples.	  These	   results	   are	   also	   higher	   in	   value	   than	   those	   reported	   in	   Blum	   and	   Sathaye	  (2010).	  This	   suggests	   that	   the	  procedure	  described	   in	  Blum	  and	  Sathaye	  does	  not	  adequately	   specify	   the	   steps	   taken	   to	  obtain	   their	   results,	  or	   the	   researchers	  have	  omitted	  a	  key	  step	   from	  their	  methodology	   in	   their	   report.	   	  This	  omission	   is	  most	  likely	  the	  source	  of	  the	  overestimate	  of	  the	  energy	  usage	  intensity	  within	  these	  four	  subsamples.	  	  
Developing	  a	  More	  Comprehensive	  Model	  
Part	  1:	  Efficiency	  PA	  Problem	  	  
Single	  Tenants	  –	  Total	  Energy	  Consumption	  (Btu)	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   In	   testing	   for	   the	  Efficiency	  PA	  Problem,	  Regression	   [2]	   is	   run	  using	  varied	  controls	  and	  fixed	  effects	  to	  examine	  how	  these	  changes	  affect	  the	  difference	  in	  AEC	  	  between	  owner	  occupants	  and	  lessees.	  	  Shown	  in	  Table	  6,	  displayed	  in	  the	  Tables	  section	  (see	  Table	  of	  Contents),	  the	  specifications	   in	   columns	   1	   and	   2	   include	   all	   four	   observed	   years	   and	   the	   key	  variables	   for	   heating	   and	   cooling	   degree-­‐days,	   square-­‐footage,	   and	   hours	  worked.	  Controls	   include	   indicator	   variables	   for	   the	   specific	   technologies:	   energy	  management	  control	  systems,	  tint	  and	  reflective	  glass,	  specular	  reflector	  for	   lights,	  variable	   air	   ventilation	   systems,	   and	   economizer	   cycles	   for	   cooling.	   Controls	   for	  building	   characteristics	   include	   the	   percentage	   of	   the	   building	   lit	   during	   hours	   of	  operation	   and	   off-­‐hours,	   number	   of	   floors	   in	   the	   building,	   the	   principle	   building	  activity,	   year	   of	   construction,	   the	   primary	   type	   of	   heating	   and	   cooling	   equipment,	  and	  primary	  type	  of	  lighting.2	  The	  coefficients	  for	  Heating	  Degree-­‐Days	  and	  Heating	  Degree-­‐Days^2	  show	  a	  nonlinear	  relationship	  between	  how	  much	  heating	  is	  needed	  and	  AEC.	  This	   is	  to	  be	  expected	  due	  to	  that	   fact	  that	  heated	  volumetric	  space	  does	  not	  heat	  or	  cool	  linearly	  due	  to	  heating	  and	  cooling	  losses	  from	  imperfect	  retention	  of	  heat	  by	  buildings.	  This	  same	  nonlinear	  relationship	   is	  shown	  by	  the	  coefficients	  for	   the	   Cooling	   Degree-­‐Days,	   Square	   Footage,	   and	   Hours	   Worked	   variables.	   	   The	  coefficients	   on	   the	   specific	   technologies	   show	   the	  percentage	  difference	   in	  AEC	  of	  buildings	  that	  have	  each	  technology	  compared	  to	  those	  that	  do	  not.	  The	  interaction	  variables	  for	  each	  technology	  with	  the	  Owner	  variable	  show	  the	  difference	  in	  AEC	  of	  own-­‐occupants	  and	  lessees	  with	  that	  specific	  technology.	  Listed	  at	  the	  end	  of	  Table	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2	  See	  Appendix	  1	  for	  a	  complete	  list	  of	  the	  heating,	  cooling,	  and	  lighting	  technologies	  examined.	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6	  are	  categorical	  variable	  controls	  for	  building	  characteristics;	  Y	  is	  recorded	  if	  they	  are	   included	   in	   the	   regression,	   and	   N	   for	   if	   they	   are	   not.	   For	   convenience,	   the	  coefficients	  on	  the	  owner	  variable	  from	  Table	  6	  are	  displayed	  in	  Table	  7.	  
Table	  7:	  Owner	  Coefficients,	  Efficiency	  PA	  Problem	  	  
Variable	  






	  	  Year	  FE	  
Excluding	  
1999-­	  	  
Year*Census	  FE	  	   (1)	   (2)	   (3)	   (4)	  
Owner	   -­‐0.132***	   -­‐0.138***	   -­‐0.0331***	   -­‐0.0426***	  
	   (-­‐0.00171)	   (-­‐0.00171)	   (-­‐0.00221)	   (-­‐0.00221)	  
Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 	  In	  the	  first	  column	  shown	  in	  Table	  7,	  with	  year	  fixed	  effects,	  the	  coefficient	  on	  the	  Owner	  variables	  is	  -­‐0.132	  representing	  13.2%	  smaller	  AEC	  for	  owner-­‐occupants	  than	   lessees.	   This	   coefficient	   has	   a	   very	   low	   p-­‐value,	   indicating	   that	   this	   result	   is	  very	   statistically	   significant.	   In	   the	   second	   column,	   with	   the	   addition	   of	   census	  division	   fixed	   effects,	   the	   coefficient	   is	   -­‐0.138	   representing	   13.8%	   lower	   AEC	   for	  owner-­‐occupants.	  With	  the	  addition	  of	  census	  division	  fixed	  effects,	  the	  R2	  value,	  a	  measure	  of	  how	  much	  of	  the	  variation	  in	  the	  data	  is	  accounted	  for	  by	  the	  model,	  also	  increased	  from	  0.695	  to	  0.701,	  signifying	  that	  the	  model	  more	  accurately	  accounts	  for	  the	  variation	  in	  the	  data	  points.	  This	  is	  expected	  with	  additional	  fixed	  effects.	  	  Due	  to	  the	  limited	  data	  available	  in	  the	  1999	  CBECS	  survey,	  key	  controls	  and	  fixed	  effects	  are	  omitted	  from	  the	  first	  and	  second	  specifications	  because	  they	  do	  not	  appear	   across	   all	   observations	   in	   the	   four-­‐year	   sample.	   To	   examine	   the	   effects	   of	  these	   key	   variables	   on	   AEC,	   the	   specifications	   reported	   in	   columns	   3	   and	   4	   from	  Table	  7	  exclude	  observations	  from	  1999.	  Controls	  are	  added	  for	  electronic	  ballasts	  for	   lighting,	   roof	   overhangs	   and	   awnings,	   occupancy	   sensors,	   and	   wall	   and	   roof	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construction	   type.	   The	   addition	   of	   these	   new	   controls	   shrinks	   the	   gap	   in	   AEC	  between	   owner-­‐occupants	   and	   lessees.	   The	   coefficient	   on	   the	   Owner	   variable	   in	  column	  3	  of	  Table	  7,	  with	  year	  fixed	  effects,	  represents	  3.31%	  lower	  AEC	  for	  owner-­‐occupants.	  In	  column	  4	  with	  the	  addition	  of	  census	  division	  fixed	  effects,	  the	  Owner	  coefficient	  indicates	  4.26%	  lower	  AEC	  consumption	  for	  owner-­‐occupants.	  	  The	   specifications	   in	   columns	   1-­‐4	   show	   evidence	   of	   the	   Efficiency	   PA	  problem.	   	  Column	  4	  includes	  more	  important	  controls	  and	  fixed	  effects,	  suggesting	  that	  this	  specification	  predicts	  AEC	  with	  the	  most	  accuracy.	  The	  4.26%	  smaller	  AEC	  for	   owner-­‐occupants	   in	   this	   sample	   is	   significant	   evidence	   of	   the	   Efficiency	   PA	  problem.	  	  
Single	  Tenants	  –	  Natural	  Gas	  Consumption	  (Btu)	  	   Within	   the	   single-­‐tenant	   commercial	   building	   sample	   examined,	   heating	  energy	   is	   a	   very	   large	   percentage	   of	   AEC	   (see	   Appendix	   2).	   Most	   of	   the	   heating	  technologies	   examined	   consume	   natural	   gas.	   For	   this	   reason,	   the	   single	   tenant	  sample	  is	  limited	  to	  those	  using	  only	  heating	  equipment	  to	  examine	  the	  difference	  in	  natural	  gas	  consumption	  between	  the	  owner-­‐occupants	  and	  lessees	  groups.	  	  For	  the	  specifications	   shown	   in	   Table	   8,	   displayed	   in	   the	   Tables	   section,	   the	   dependent	  variable	  is	  total	  natural	  gas	  consumption	  (Btu).	  For	  convenience,	  the	  coefficients	  on	  the	  owner	  variable	  from	  Table	  8	  are	  displayed	  in	  Table	  9.	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Table	  9:	  Owner	  Coefficients,	  Efficiency	  PA	  Problem	  –	  Natural	  Gas	  	  
Variable	  






	  	  Year	  FE	  
Excluding	  
1999-­	  	  
Year*Census	  FE	  	   (1)	   (2)	   (3)	   (4)	  
Owner	   -­‐0.0654***	   -­‐0.0737***	   -­‐0.0862***	   -­‐0.0812***	  
	   (-­‐0.0019)	   (-­‐0.00189)	   (-­‐0.00251)	   (-­‐0.00251)	  
Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 	  	   The	  specifications	  in	  columns	  1	  and	  2	  from	  Table	  9	  omit	  the	  Cooling	  Degree-­‐Day	  variables	  and	  those	  corresponding	  to	  lighting	  technologies,	  as	  natural	  gas	  is	  not	  a	   fuel	   pervasively	   used	   at	   the	   building	   level	   to	   create	   electricity,	   which	   powers	  lighting.	   In	   column	   1,	   the	   coefficient	   on	   the	   owner	   variable	   is	   -­‐0.0654,	   which	  corresponds	   to	   6.54%	   lower	   natural	   consumption	   for	   owner-­‐occupants.	  With	   the	  addition	  of	  census	  division	  fixed	  effects	   in	  column	  2,	  the	  Owner	  coefficient	  reports	  7.37%	  lower	  natural	  gas	  consumption	  for	  owner-­‐occupants.	  	  	   In	  columns	  3	  and	  4	  in	  Table	  9,	  observations	  from	  1999	  are	  omitted,	  and	  the	  controls	   for	   overhangs	   and	   awnings,	   occupancy	   sensors,	   and	   wall	   and	   roof	  construction	  are	  added.	  	  The	  addition	  of	  these	  controls	  widens	  the	  consumption	  gap	  between	   owner-­‐occupants	   and	   lessees.	   The	   coefficient	   on	   the	   Owner	   variable	   in	  column	  3	  represents	  8.62%	  lower	  natural	  gas	  consumption	  for	  lessees.	  In	  column	  4,	  with	  the	  addition	  of	  census	  division	  fixed	  effects,	  owner-­‐occupants	  have	  a	  reported	  8.12%	   lower	   natural	   gas	   consumption.	   Because	   the	   specification	   in	   column	   4	  includes	   a	   higher	   number	   of	   key	   controls,	   it	   is	   used	   to	   predict	   the	   energy	  consumption	  for	  owner-­‐occupants	  and	  lessees	  using	  natural	  gas.	  Due	  to	  the	  8.12%	  lower	  energy	  consumption	  reported	  for	  owner-­‐occupants,	  evidence	  of	  the	  Efficiency	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PA	   problem	   exists	  within	   the	   single-­‐occupant	   group	   using	   natural	   gas	   for	   central	  heating.	  	  	   	  	   	  
Part	  2:	  Usage	  PA	  Problem	  	  
Multiple	  Tenants	  –	  Total	  Energy	  Consumption	  (Btu)	  	   In	   testing	   for	   the	   Usage	   PA	   Problem,	   Regression	   [2]	   is	   run	   using	   the	   same	  controls	  as	  used	  to	  test	  for	  the	  Efficiency	  PA	  Problem	  in	  Part	  1	  of	  this	  section.	  In	  the	  specifications	  reported	  in	  Table	  10,	  displayed	  in	  the	  Tables	  Section,	  the	  Heating	  and	  Cooling	  Degree-­‐Days,	  Square	  Footage,	  and	  Hours	  of	  Operation	  variables	  report	  the	  expected	  nonlinear	  relationship	  between	  these	  variables	  and	  AEC.	  The	  coefficients	  on	   the	   specific	   building	   technologies	   again	   reflect	   the	   effect	   on	   AEC	   of	   having	   a	  specific	   technology	   versus	   not	   having	   it.	   For	   convenience,	   the	   coefficients	   on	   the	  owner	  variable	  from	  Table	  10	  are	  displayed	  in	  Table	  11.	  














Excluding	  1999-­	  	  
Year*Census	  FE	  -­	  
Select	  Building	  
Type	  	   (1)	   (2)	   (3)	   (4)	   (5)	  
Owner	   0.0125***	   0.0445***	   0.108***	   0.133***	   0.227***	  
	   (-­‐0.00274)	   (-­‐0.00274)	   (-­‐0.00366)	   (-­‐0.00365)	   (-­‐0.00474)	  
Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 	   In	  column	  1	  of	  Table	  11,	  the	  coefficient	  on	  the	  Owner	  variable	  reports	  1.25%	  higher	  AEC	  for	  owner-­‐occupants.	  This	  is	  the	  opposite	  result	  as	  seen	  in	  Part	  1	  of	  this	  section.	  With	  the	  addition	  of	  census	  division	  fixed	  effects	  in	  column	  2,	  this	  difference	  in	  AEC	  grows	  to	  4.45%.	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In	   columns	   3	   and	   4,	   observations	   for	   1999	   are	   dropped.	   In	   column	   3,	   the	  Owner	   coefficient	   reports	   10.8%	   higher	   AEC	   for	   owner-­‐occupants.	   This	   effect	  increases	   again	   in	   column	   4	   with	   the	   addition	   of	   census	   division	   fixed	   effects	   to	  13.3%.	   The	   specifications	   in	   columns	   1-­‐4	   suggest	   that	   owner-­‐occupants	   have	  significantly	  higher	  AEC	  than	  lessees	  of	  similar	  buildings.	  In	  this	  sample,	  multitenant	  lessee-­‐occupied	   buildings	   are	   primarily	   office	   and	   service	   buildings,	   and	   non-­‐refrigerated	  warehouses,	   thus	   to	   confirm	   the	   evidence	   put	   forth	   in	   column	   4,	   the	  specification	  in	  column	  5	  is	  run	  limited	  to	  these	  three	  specific	  building	  types.	  	  When	  the	  sample	  is	  limited	  to	  these	  three	  building	  types,	  the	  results	  reported	  in	   column	  4	  are	   confirmed.	   In	   column	  5,	   owner	  occupants	  have	  a	   reported	  22.7%	  higher	   AEC	   than	   lessees.	   In	   this	   subsample,	   each	   specification	   provides	   evidence	  that	   owner-­‐occupants	   have	   higher	   energy	   consumption	   than	   multitenant	   lessees,	  thus	  there	  is	  no	  evidence	  of	  a	  Usage	  PA	  problem.	  	  
Multiple	  Tenants	  –	  Natural	  Gas	  Consumption	  (Btu)	  	   Natural	   gas	   is	   also	   a	   primary	   fuel	   used	   for	   heating	   within	   the	  multitenant	  subsample	   of	   buildings,	   thus	   the	   Usage	   PA	   problem	   can	   potentially	   exist	   in	   this	  subsample.	   In	   this	   section,	   regressions	  are	  modeled	  with	   the	   controls	  used	   to	   test	  the	  Efficiency	  PA	  problem	  in	  single	  tenants	  using	  natural	  gas	  Again,	   the	  coefficients	  on	  the	  owner	  variable	  from	  Table	  12	  are	  displayed	  in	  Table	  13.3	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3	  See	  Table	  12	  for	  a	  full	  list	  of	  controls	  and	  fixed	  effects	  used	  in	  this	  section.	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Excluding	  1999-­	  	  
Year*Census	  FE	  
-­	  Select	  Building	  
Type	  	   (1)	   (2)	   (3)	   (4)	   (5)	  
Owner	   0.159***	   0.208***	   0.0884***	   0.0937***	   0.177***	  	   (-­‐0.00301)	   (-­‐0.00301)	   (-­‐0.00421)	   (-­‐0.00421)	   (-­‐0.00545)	  
Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 	   As	   reported	   in	   column	   1	   of	   Table	   13,	   owner-­‐occupants	   have	   15.9%	  higher	  consumption	   of	   natural	   gas.	   In	   column	   2	   when	   census	   division	   fixed	   effects	   are	  added,	  owner-­‐occupants	  have	  20.8%	  higher	  natural	  gas	  consumption.	  	  	   When	   observations	   from	   1999	   are	   dropped	   and	   additional	   controls	   are	  added,	   the	   coefficient	   on	   the	   Owner	   variable	   in	   column	   3	   reports	   8.84%	   higher	  natural	   gas	   consumption	   for	   owner-­‐occupants.	   In	   column	   4	  when	   census	   division	  fixed	  effects	  are	  added,	  this	  consumption	  gap	  rises	  to	  9.37%.	  	  	   In	   column	   5	   of	   Table	   12,	   building	   types	   are	   limited	   to	   office	   and	   service	  buildings,	   and	   non-­‐refrigerated	   warehouses	   to	   compare	   buildings	   more	   directly.	  Again,	   owner-­‐occupants	   have	   higher	   natural	   gas	   consumption.	   Column	   5	   reports	  owner-­‐occupants	   have	   17.7%	   higher	   natural	   gas	   consumption	   than	   lessees.	   This	  large	   gap	   between	   the	   consumption	   of	   owner-­‐occupied	   and	   lessee-­‐occupied	  buildings	  supports	  the	  conclusion	  that	  there	  is	  no	  evidence	  of	  the	  Usage	  PA	  problem	  within	  the	  multitenant	  subsample	  using	  central	  heating	  equipment.	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Examining	  the	  Difference	  in	  Energy	  Usage	  Between	  Owner-­Occupants	  and	  
Lessee-­Occupants	  in	  the	  Single	  Tenant	  Subsample	  	   The	   objective	   of	   the	   Oaxaca	   Decomposition	   is	   to	   explain	   the	   4.26%	   gap	   in	  AEC	   between	   owner-­‐occupants	   and	   lessees,	   as	   observed	   in	   the	   single	   tenant	  subsample	   for	   the	   Efficiency	   PA	   problem.	   To	   examine	   this	   consumption	   gap	   in	   a	  much	   more	   specific	   group	   of	   observations,	   the	   sample	   is	   limited	   to	   observations	  from	  2003.	  The	   sample	   is	   also	   limited	   to	   the	  American	  South,	   because	   this	   region	  has	  the	  largest	  number	  of	  commercial	  buildings	  observed	  by	  the	  2003	  CBECS	  data,	  which	  also	  uses	   the	   largest	  amount	  of	  energy	  compared	   to	  other	  U.S.	   regions	   (see	  Charts	  4	   and	  5).	   The	   entire	  U.S.	   sample	   is	   not	   used	  because	   the	   same	   results	   that	  would	   be	   produced	   from	   the	   full	   U.S.	   sample	   are	   produced	   using	   this	   specific	  sample.	   This	   sample	   is	   simpler,	   and	   allows	   for	   easier	   application	   of	   the	   Oaxaca	  Decomposition	  methodology.	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Chart	  5:	  Energy	  Consumption	  by	  Region	  (Before	  Weighting)	  
	  Source:	  www.eia.gov.4	  	  	  
Table	  14:	  Results	  of	  the	  Oaxaca	  Decomposition	  
	  	  




Diff	  in	  AEC	  
Predicted	  by	  	  
Behavior	  	   (1)	   (2)	  
Diff	  in	  Btu	   -­‐1.085	   1.107	  	   Reported	  in	  column	  1	  of	  Table	  9,	  if	  both	  owner-­‐occupants	  and	  lessees	  had	  the	  same	  behavior,	  the	  differences	  between	  the	  average	  characteristics	  of	  the	  buildings	  of	  the	  two	  groups	  would	  predict	  that	  owner-­‐occupants	  would	  have	  1.085	  Btu	  higher	  AEC	   due	   to	   higher	   average	   characteristics	   such	   as	   square-­‐footage.	   In	   column	   2,	   if	  both	   owner-­‐occupants	   and	   lessees	   were	   given	   buildings	   with	   the	   exact	   same	  characteristics,	   the	   differences	   in	   their	   behavior	   would	   predict	   that	   owner-­‐occupants	   have	  1.107	   lower	  AEC.5	   These	  predicted	  AEC	  differences	   are	   extremely	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  4	  "Overview	  of	  Commercial	  Buildings,	  2003:	  Major	  Characteristics	  of	  All	  Commercial	  Buildings	  in	  2003."	  EIA,	  last	  modified	  2008,	  http://www.eia.gov/emeu/cbecs/cbecs2003/overview3.html.	  	  5	  A	  single	  Btu	  is	  roughly	  the	  amount	  of	  energy	  released	  by	  the	  burning	  of	  a	  single	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small,	   but	   what	   is	   most	   important	   about	   these	   predicted	   values	   is	   their	   sign	  (negative	  or	  positive).	  	   As	  observed	  in	  the	  single-­‐tenant	  subsample	  for	  the	  Efficiency	  PA	  problem,	  There	  is	  a	  reported	  4.26%	  AEC	  gap	  between	  owner-­‐occupants	  and	  lessees	  as	  stated	  in	   the	  beginning	  of	   this	  section.	  Column	  1	  predicts	  higher	  energy	  consumption	   for	  owner-­‐occupants	   and	   column	   2	   predicts	   lower	   energy	   consumption	   for	   owner-­‐occupants.	   Although	   these	   effects	   are	   very	   small,	   the	   Oaxaca	   Decomposition	  suggests	  that	  the	  behavior	  of	  the	  building	  occupants	  more	  accurately	  predicts	  their	  total	  energy	  consumption	  than	  does	  the	  specific	  characteristics	  of	  the	  buildings	  they	  occupy.	  In	  other	  words,	  owner-­‐occupants	  have	  higher	  mean	  building	  characteristics	  on	  average,	  but	  since	  the	  lessees	  have	  much	  higher	  energy	  consumption	  per	  unit	  of	  the	   building	   characteristics	   (square-­‐footage	   or	   degree-­‐days	   for	   example),	   owner-­‐occupants	   have	   4.26%	   lower	   energy	   consumption	   than	   lessees.	   Behavior	   most	  accurately	  predicts	  energy	  consumption	  in	  this	  subsample,	  and	  behavior	  reflects	  the	  efficiency	  of	  the	  buildings	  of	  the	  owner-­‐occupants	  and	  lessees,	  thus	  the	  Efficiency	  PA	  problem	  is	  likely	  a	  major	  source	  explaining	  this	  difference	  in	  occupant	  behavior	  and	  the	  4.26%	  AEC	  gap	  observed.	  	   	  
Discussion	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  kitchen	  match	  (“Just	  What	  is	  a	  Btu?”	  Tugasinc,	  last	  modified	  May	  13,	  2003,	  http://www.tugasinc.com/index3.html)	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   The	  results	  reported	  mimicking	  the	  methodology	  of	  Blum	  and	  Sathaye	  (2010)	  were	  merely	  part	  of	  an	  exercise	  to	  recreate	  the	  researchers’	  study.	  Because	  of	  the	  significant	  potential	  for	  omitted	  variable	  bias	  due	  to	  the	  lack	  of	  controls	  for	  building	  technologies	  and	  characteristics,	  the	  results	  from	  this	  section	  should	  not	  be	  considered	  valid.	  They	  are	  included	  in	  this	  study	  to	  demonstrate	  	  that	  including	  controls	  for	  building	  characteristics	  and	  technologies	  has	  a	  very	  significant	  impact	  on	  the	  results	  of	  the	  study,	  revealing	  evidence	  of	  the	  PA	  problem	  where	  the	  researchers	  had	  not	  found	  it.	  The	  results	  gathered	  from	  the	  single	  tenant	  subsample	  show	  evidence	  for	  the	  Efficiency	   PA	   problem	   across	   all	   of	   the	   specifications	   used.	   The	   AEC	   gap	   is	   most	  accurately	   predicted	   to	   be	   4.26%	   lower	   for	   owner-­‐occupants	   because	   the	  specification	   used	   that	   produced	   this	   result	   includes	   the	  most	   important	   controls	  and	   fixed	   effects	   pertinent	   to	   the	   energy	   consumption	   of	   commercial	   buildings.	  Specifications	   were	   used	   including	   interaction	   variables	   between	   specific	  technologies	  controlled	  for	  each	  specification,	  but	  the	  effect	  of	  the	  addition	  of	  these	  variables	   was	   minor,	   so	   they	   were	   not	   included.	   Important	   controls	   for	   building	  shape	   and	   lighting	   dimmers	   were	   not	   included	   do	   to	   limitations	   in	   the	   CBECS	  survey.	  The	  consumption	  gap	  between	  owner-­‐occupants	  and	  lessees	  is	  almost	  twice	  as	   wide	   when	   AEC	   is	   limited	   to	   natural	   gas	   consumption.	   This	   suggests	   that	   the	  technologies	   that	   use	   natural	   gas,	   primarily	   heating	   equipment,	   contribute	   most	  prominently	   to	   the	   Efficiency	   PA	   problem.	   	   	   This	   also	   suggests	   that	   since	   AEC	  encompasses	  all	  main	  energy	  sources,	  the	  Efficiency	  PA	  problem	  has	  a	  lesser	  effect	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in	   technologies	   that	   use	   other	   fuel	   sources	   like	   electricity,	   since	   total	   energy	  consumption	  is	  a	  sum	  of	  all	  fuels.	  	  The	   results	   gathered	   from	   the	   specifications	   testing	   for	   the	   Usage	   PA	  problem	  exhibit	  much	  higher	  AEC	  for	  owner-­‐occupants	  than	  lessees,	  and	  exhibit	  no	  evidence	  of	  the	  Usage	  PA	  problem.	  Just	  as	  observed	  in	  the	  single	  tenant	  subsample	  for	   the	  Efficiency	  PA	  problem,	  one	  would	  expect	   to	  observe	   lower	  AEC	   for	  owner-­‐occupants	   than	   lessees.	   This	   is	   because	   based	   on	   the	   definition	   of	   the	   Usage	   PA	  problem,	   lessees	   have	   limited	   or	   no	   incentive	   to	   install	   efficient	   technologies	   or	  upgrade	  their	  buildings	  in	  order	  to	  save	  money	  on	  utility	  bills	  because	  their	  bills	  are	  paid	  as	  a	  flat	  rate,	  or	  included	  in	  their	  rent.	  If	  this	  indirect	  method	  of	  payment	  does	  exist	   in	   this	   sample,	  which	   under	   the	   assumptions	   of	   Blum	   and	   Sathaye	   (2010)	   it	  should,	  higher	  AEC	  for	  lessees	  should	  be	  observed.	  	   There	   are	   several	   explanations	   for	   the	   results	   gathered	   from	   the	  Usage	   PA	  problem	   specifications.	   	   The	   first	   is	   that	   it	  may	   be	   ineffective	   to	   compare	   energy	  consumption	  of	  these	  two	  groups,	  single	  owner-­‐occupants	  and	  multitenant	  lessees,	  due	  to	  fundamental	  differences	  in	  the	  buildings	  examined,	  such	  as	  the	  type	  of	  good	  produced	  or	  sold	  or	  the	  nature	  of	  the	  operations	  within	  these	  two	  types	  of	  buildings.	  By	   comparing	   these	   two	   types	   of	   occupants	   directly,	   there	   could	   be	   significant	  omitted	   variable	   bias	   stemming	   from	   the	   omission	   of	   key	   variables	   that	   would	  account	  for	  the	  fundamental	  differences	  in	  these	  two	  occupant	  types.	  It	  could	  also	  be	  that	   the	   two	   types	   of	   buildings	   are	   relatively	   similar	   and	   significant	   comparisons	  could	  be	  made	  between	   them,	  but	  due	   to	   the	  nature	  of	   the	  WLS	  regressions	  used,	  results	   were	   reported	   inaccurately.	   A	   different	   model	   may	   produce	   significantly	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different	   results	   that	   would	   more	   accurately	   represent	   the	   expected	   relationship	  between	  single	  owner-­‐occupants	  and	  multitenant	  lessees.	  	   From	  the	  Oaxaca	  Decomposition,	  the	  differences	  in	  total	  energy	  consumption	  predicted	   are	   extremely	   low.	   It	   is	   very	   unlikely	   that	   the	   predicted	   differences	  between	  these	  two	  groups	  is	  roughly	  1	  Btu	  because	  each	  groups’	  mean	  AEC	  are	  both	  at	   least	   in	   the	   billions	   of	   Btus.6	   	   This	   could	   be	   due	   to	   a	   scaling	   down	   effect	   that	  occurred	  when	   calculating	   these	   numbers	   in	   natural	   logs	   and	   converting	   them	   to	  levels,	  which	  may	  have	  occurred.	  The	  signs	  of	   the	  numbers	   though	  are	   important,	  because	   even	   if	   the	   predicted	   differences	   in	   total	   energy	   consumption	   between	  owner-­‐occupants	   and	   lessees	   are	   extremely	   small,	   the	   signs	   of	   the	   numbers	   still	  predict	  that	  owner-­‐occupants	  will	  have	  higher	  or	  lower	  AEC	  than	  lessees.	  	  An	   important	   consideration	   in	   this	   study	   is	   the	   comprehensiveness	   of	   the	  CBECS	  data,	  especially	  when	  compared	  between	  years.	  First,	  the	  methods	  in	  which	  the	  data	   collected	  vary.	   	  A	  key	   change	   in	   the	  Energy	   Information	  Administration’s	  methodology	  began	  in	  the	  1995	  survey	  and	  is	  used	  in	  all	  subsequent	  survey	  years.	  Surveyors	  started	  evaluating	  consumption	  and	  expenditure	  of	  energy	  based	  on	  the	  building	   owner’s	   responses	   instead	   of	   based	   on	   information	   provided	   by	   their	  energy	   providers.	   Although	   this	   method	   could	   be	   more	   efficient	   for	   those	  conducting	   the	   survey,	   it	   relies	   on	   self-­‐reports	   of	   a	   building	   occupants’	   own	  consumption,	  which	  could	  be	  inaccurate.7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  6	  See	  Descriptive	  Statistics	  Section	  7	  "Comparisons	  Between	  1992,	  1995,	  1999,	  and	  2003	  CBECS:	  Table	  1.	  Survey	  Sample	  and	  Design."	  EIA,	  last	  modified	  2003a,	  http://www.eia.gov/emeu/cbecs/comparesampdesign.html.	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The	   second	   source	   of	   variation	   in	   the	   data	   stems	   from	   variables	   that	   are	  reported	   for	   each	   year	   and	   how	   this	   data	   is	   reported.	   For	   the	   years	   1992,	   1995,	  1999,	   and	   2003,	   the	   majority	   of	   data	   is	   consistent	   across	   all	   years,	   for	   example,	  variables	   recording	   location,	   climate,	   size	   and	   type	   of	   building.	   The	   discrepancies	  between	  years	  are	  seen	  in	  the	  data	  recording	  physical	  building	  characteristics.	  A	  key	  example	   of	   this	   is	   how	   building	   insulation	   was	   recorded.8	   Insulation	   is	   a	   very	  important	  building	  characteristic	  and	   is	  a	  key	  omission	   in	   this	   study.	   In	   the	  single	  tenant	  subsample,	  if	  owner-­‐occupants	  and	  lessees	  had	  relatively	  similar	  insulation,	  the	  consumption	  gap	  could	  be	  smaller,	  and	  if	  the	  types	  of	  insulation	  differed	  greatly,	  the	  observed	  consumption	  gap	  could	  be	  much	  larger.	  Other	  key	  variables	  that	  were	  not	   available	   in	   the	   CBECS	   data	   were	   emissivity	   and	   type	   of	   insulating	   gas	   of	  windows,	   window	   frame	   material,	   pitch	   and	   color	   of	   roof	   material,	   and	   age	   of	  heating,	  cooling,	  and	  other	  equipment	  and	  technologies.	  	  	  	  In	  Table	  5	  reporting	  the	  results	  for	  the	  Efficiency	  PA	  problem,	  many	  of	  the	  coefficients	  on	  the	  specific	  efficiency	  technologies	  are	  positive.	  This	  signifies	  that	  a	  building	  occupant	  with	  that	  technology	  has	  higher	  energy	  consumption	  than	  if	  they	  didn’t	  have	   it.	  This	  phenomenon	  could	  be	  occurring	  due	  to	  unobserved	   interactive	  effects	  between	  other	  control	  variables.	  	  A	   variable	   reporting	   a	   smaller	   geographic	   area	   would	   be	   much	   preferred,	  because	  climate,	  policy,	  energy	  prices,	  and	  availability	  of	  specific	  technologies	  vary	  much	   more	   precisely	   than	   by	   census	   region.	   Regional	   building	   codes	   are	   also	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  8	  "Comparisons	  Between	  1992,	  1995,	  1999,	  and	  2003	  CBECS:	  Table	  2.	  Building	  Characteristics."	  EIA,	  last	  modified	  2003b,	  http://www.eia.gov/emeu/cbecs/comparebldgchar.html.	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important	  determinants	  of	  how	  efficient	  buildings	  must	  be.	  The	   inclusion	  of	   these	  efficiency	  levels	  would	  also	  be	  an	  interesting	  variable	  because	  above	  the	  nationally	  mandated	  efficiency	  levels,	  many	  regions	  hold	  higher	  standards	  for	  their	  buildings.	  Lessees	  could	  be	  stuck	  with	  equipment	  that	  just	  meets	  building	  code	  specifications,	  while	  the	  owner-­‐occupants	  have	  efficient	  equipment	  that	  far	  exceeds	  code.	  	  
Analysis	  of	  Potential	  Policy	  Reform	  	   To	   combat	   high	   energy	   consumption	   in	   commercial	   buildings,	   many	   state	  and	  national	  power	  utilities	  offer	  their	  customers	  the	  option	  to	  participate	  in	  energy	  efficiency	   programs.	   These	   are	   programs	   offered	   to	   residential	   and	   business	  customers	  who	  wish	  to	  reduce	  their	  energy	  consumption,	  offering	  them	  incentives,	  in	   the	   form	   of	   rebates	   or	   technical	   assistance,	   to	   replace	   outdated	   and	   inefficient	  technologies	   with	   newer	   energy	   saving	   versions	   (i.e	   “Retrofitting”).	   An	   excellent	  example	  of	  such	  a	  program	  is	  that	  offered	  by	  NSTAR,	  a	  Massachusetts-­‐based	  electric	  and	   gas	  utility	   serving	   approximately	  1.1	  million	   electric	   customers	   in	   the	  Boston	  area.9	   	   NSTAR	   offers	   their	   electric	   customers	   comprehensive	   rebates	   on	   the	   total	  costs	  of	  retrofit	  projects	  –	  up	  to	  75%	  of	  total	  costs	  if	  all	  portions	  of	  the	  retrofit	  are	  part	  of	  their	  list	  of	  approved	  technologies.	  This	  program	  covers	  lighting	  and	  lighting	  controls,	   and	   high	   efficiency	  mechanical	   technologies,	   such	   as	  motors	   and	   energy	  management	  systems.10	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  9	  “About	  NSTAR.”	  NSTAR,	  last	  modified	  2011,	  http://nstar.com/about_nstar/	  10	  "Retrofit	  Program."	  NSTAR,	  last	  modified	  2011,	  http://nstar.com/business/energy_efficiency/electric_programs/business_solutions.asp.	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   NSTAR	  also	  offers	  a	  more	  aggressive	  program	  for	  smaller	  customers	  wishing	  to	   significantly	   modify	   the	   equipment	   they	   are	   using	   called	   the	   Direct	   Install	  Program.	   In	   addition	   to	   rebates	   for	   lighting	   technology,	   NSTAR	   offers	   small	   to	  medium	   sized	   businesses	   rebates	   of	   up	   to	   70%	   of	   the	   full	   cost	   of	   the	   project,	  covering	   equipment	   insulation,	   boilers,	   heat	   pumps,	   central	   air	   conditioners,	   and	  refrigeration	   among	   other	   options.11	   	   This	   program,	   much	   like	   NSTAR’s	   Retrofit	  Program,	   uses	   time-­‐tested	   methods	   to	   reduce	   commercial	   customer	   energy	  consumption,	   yet	   the	   fundamental	   design	   of	   the	   program	   makes	   it	   far	   more	  applicable	   to	   the	  building	  owner	   than	   the	   tenant.	   It	   is	   an	   easily	   executable	  option	  only	  for	  those	  who	  can	  choose	  the	  technology	  and	  pay	  their	  own	  bill	  –	  the	  owner-­‐occupant	   themselves,	   or	   a	   tenant	   given	   permission	   to	   alter	   their	   building	   by	   the	  landlord,	   as	   previously	   specified	   in	   Table	   1.	   If	   a	   tenant	   cannot	   choose	   which	  technologies	  are	  used	  in	  their	  building,	  or	  pay	  their	  utilities	  indirectly,	  they	  have	  no	  incentive	   to	  partake	   in	  a	   retrofit	  program	   like	   that	  offered	  by	  NSTAR.	  Even	   in	   the	  case	   in	  which	  tenants	  are	  able	  to	  choose	  which	  technologies	  they	  will	  use	  and	  pay	  their	  utilities	  directly,	   there	  still	  exists	   the	  conflict	  between	  the	  payback	  period	  on	  their	  investment	  and	  the	  remaining	  duration	  of	  their	  lease.	  No	  rational	  tenant	  would	  invest	  in	  a	  building	  they	  do	  not	  own	  if	  the	  payback	  period	  extended	  beyond	  the	  end	  of	  their	  lease.	  It	  is	  also	  in	  their	  best	  interest	  not	  to	  invest	  in	  an	  equipment	  retrofit	  if	  the	  payback	  period	  is	  exactly	  as	  long	  as	  the	  remaining	  duration	  of	  their	  lease,	  as	  the	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  11	  “NSTAR	  (Electric)	  -­‐	  Small	  Business	  Direct	  Install	  Program.”	  DSIRE,	  last	  modified	  2011,	  http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=MA76F&re=1&ee=1	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long-­‐term	  benefits	  of	  their	  investment	  will	  be	  experienced	  by	  the	  building	  owner	  or	  a	  future	  tenant.	  For	  owners	  of	  commercial	  buildings,	  participation	  in	  these	  programs	  is	  also	  limited	   by	   a	   number	   of	   factors:	   	   lack	   of	   information	   of	   costs	   and	   specific	   retrofit	  technologies,	   the	   length	   of	   the	   return	   on	   investment	   of	   retrofits,	   other	   pressing	  priorities,	   lack	   of	   competent	   and	   certified	   technicians,	   and	   the	   inconvenience	   of	  having	   the	   work	   done	   (Dunsky,	   Lindberg	   et	   al.	   2010).	   	   Not	   only	   are	   landlords	  unwilling	  to	  retrofit	  their	  buildings	  for	  their	  tenants	  due	  to	  lack	  of	  personal	  benefits,	  even	  if	   they	  would	  like	  to	  do	  so,	   they	  are	   limited	  by	  other	  forces.	  Because	  of	  these	  limitations	  on	  landlords,	  and	  the	  absence	  of	  incentives	  for	  tenants	  to	  participate	  in	  Retrofit	   and	   Direct	   Install	   Programs,	   these	   programs	   alone	   are	   ineffective	   at	  addressing	   the	   consumption	   gap	   between	   owner-­‐occupants	   and	   lessees.	   Many	  methods	  have	  been	  posed	  to	  increase	  the	  effectiveness	  of	  these	  programs	  with	  the	  goal	  of	  reducing	  total	  energy	  consumption	  in	  the	  commercial	  market,	  but	  one	  of	  the	  methods	  goes	  a	  step	  further	  and	  actually	  creates	  incentives	  for	  building	  owners	  to	  retrofit	   their	   buildings	   regardless	   of	   whether	   they	   themselves	   or	   tenants	   are	   to	  occupy	  it.	  	  	  	  As	  proposed	  by	  Dunsky,	   Lindberg	   et	   al.	   (2010),	   one	  of	   the	  major	  problems	  shared	  by	  both	  owner-­‐occupants	  and	  tenants	  is	  a	  lack	  of	  information	  regarding	  their	  current	   heating,	   ventilation,	   and	   air-­‐conditioning	   (HVAC)	   systems,	   and	   how	   to	  effectively	   increase	   the	   energy	   efficiency	   of	   their	   buildings.	   The	   researchers	  advocate	   a	   mandatory	   labeling	   system	   that	   is	   already	   in	   use	   in	   more	   than	   30	  countries	  to	  address	  this	  lack	  of	  information.	  In	  this	  labeling	  system,	  each	  building	  –	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the	   residential	   sector	   in	   their	   report	   –	   would	   obtain	   a	   mandatory	   efficiency	  assessment	   examining	   key	   aspects	   of	   the	   building,	   and	   given	   an	   efficiency	   score	  corresponding	   to	   how	   efficient	   their	   building	   is	   compared	   to	   others	   of	   the	   same	  type.	   It	   is	   the	   same	   concept	   explored	   by	   Jin	   and	   Leslie	   (2009),	   examining	   how	   a	  restaurant’s	   reputation	   for	  hygiene	   affects	   its	   business.	  They	   find	   that	   a	   retaurant	  has	  an	   incentive	   to	  maintain	  good	  sanitation	  when	   their	   reputation	  depends	  on	   it,	  especially	   when	   their	   sanitation	   is	   rated	   and	   displayed	   in	   their	   restaurant.	   With	  mandatory	   labeling,	   or	   mandatory	   building	   energy	   labeling	   (MBEL)	   as	   the	  researchers	   refer	   to	   the	   system,	   potential	   lessees	   would	   have	   much	   better	  information	   as	  how	  efficient	   a	  building	   is	   before	   they	   agree	   to	   rent	   it.	   This	  would	  drive	   up	   the	   incentive	   for	   landlords	   to	   upgrade	   their	   buildings,	   both	   because	  demand	   for	   their	   high	   consumption	   buildings	   would	   decrease	   with	   this	   labeling	  system,	   and	   because	   tenants	   might	   be	   willing	   to	   pay	   higher	   rent	   knowing	   their	  reduced	  energy	  consumption	  will	  result	  in	  a	  lower	  overall	  occupancy	  cost.	  Labeling	  initiative	  are	  currently	  being	  proposed	  in	  the	  United	  States	  that	  would	  address	  the	  lack	   of	   information	   of	   landlords	   and	   tenants.	   A	   prime	   example	   of	   attempts	   at	  mandatory	  labeling	  in	  the	  United	  States	  is	  the	  Building	  Energy	  Quotient	  proposed	  by	  the	   American	   Society	   of	   Heating,	   Refridgerating	   and	   Air	   Conditioning	   Engineers	  (ASHRAE)	   in	   2009	   (Dunsky,	   Lindberg	   et	   al.	   2010).	   MBEL,	   in	   combination	   with	  exisiting	   retrofit	   and	   direct	   install	   programs,	   would	   be	   a	   very	   effective	   way	   of	  addressing	   total	   energy	   consumption	  while	   specifically	   targeting	   the	   consumption	  gap.	  With	  the	  increased	  incentive	  for	  landlords	  to	  retrofit	  their	  buildings,	  the	  energy	  consumption	   of	   owner-­‐occupied	   and	   lessees-­‐occupied	   buildings	   would	   converge,	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lessening	  the	  gap	  between	  the	  two,	  and	  greatly	  reducing	  the	  effects	  of	  the	  Efficiency	  PA	  problem.	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Table	  6:	  Single	  Tenant	  Total	  Energy	  Consumption	  
Variables	  





	  	  Year	  FE	  
Excluding	  1999-­	  	  
Year*Census	  FE	  	   (1)	   (2)	   (3)	   (4)	  
Owner	   -­‐0.132***	   -­‐0.138***	   -­‐0.0331***	   -­‐0.0426***	  
	   (-­‐0.00171)	   (-­‐0.00171)	   (-­‐0.00221)	   (-­‐0.00221)	  
ln	  Heating	  Degree-­Days	   -­‐1.586***	   -­‐1.847***	   -­‐2.143***	   -­‐2.309***	  
	   (-­‐0.00848)	   (-­‐0.0106)	   (-­‐0.0106)	   (-­‐0.0128)	  
ln	  Heating	  Degree-­Days^2	   0.125***	   0.141***	   0.162***	   0.166***	  
	   (-­‐0.00055)	   (-­‐0.000729)	   (-­‐0.000684)	   (-­‐0.000872)	  
ln	  Cooling	  Degree-­Days	   -­‐0.202***	   -­‐0.0271***	   -­‐0.237***	   0.129***	  
	   (-­‐0.00563)	   (-­‐0.00649)	   (-­‐0.00766)	   (-­‐0.00921)	  
ln	  Cooling	  Degree-­Days^2	   0.0263***	   0.0107***	   0.0277***	   -­‐0.00632***	  
	   (-­‐0.000445)	   (-­‐0.000543)	   (-­‐0.000591)	   (-­‐0.000751)	  
ln	  Square-­Footage	   0.398***	   0.405***	   0.422***	   0.456***	  
	   (-­‐0.00198)	   (-­‐0.00198)	   (-­‐0.00232)	   (-­‐0.00232)	  
ln	  Square-­Footage^3	   0.00117***	   0.00114***	   0.000916***	   0.000789***	  
	   (-­‐7.91E-­‐06)	   (-­‐7.90E-­‐06)	   (-­‐9.36E-­‐06)	   (-­‐9.35E-­‐06)	  
ln	  Hours	  of	  Operation	   -­‐0.127***	   -­‐0.119***	   -­‐0.0261***	   -­‐0.0016	  
	   (-­‐0.00172)	   (-­‐0.00172)	   (-­‐0.00195)	   (-­‐0.00194)	  
ln	  Hours	  of	  Operation^3	   0.0191***	   0.0186***	   0.0149***	   0.0139***	  
	   (-­‐4.94E-­‐05)	   (-­‐4.95E-­‐05)	   (-­‐5.65E-­‐05)	   (-­‐5.65E-­‐05)	  
EMCS	   -­‐0.0250***	   -­‐0.0186***	   0.124***	   0.112***	  
	   (-­‐0.00285)	   (-­‐0.00284)	   (-­‐0.00423)	   (-­‐0.00421)	  
Tinted	  Glass	   0.155***	   0.141***	   0.113***	   0.107***	  
	   (-­‐0.00139)	   (-­‐0.00139)	   (-­‐0.0017)	   (-­‐0.00169)	  
Owner_Tinted	  Glass	   -­‐0.0758***	   -­‐0.0627***	   -­‐0.0872***	   -­‐0.0757***	  
	   (-­‐0.00159)	   (-­‐0.00159)	   (-­‐0.00193)	   (-­‐0.00192)	  
Owner_EMCS	   0.189***	   0.168***	   0.0959***	   0.103***	  
	   (-­‐0.00317)	   (-­‐0.00316)	   (-­‐0.00457)	   (-­‐0.00454)	  
Owner_VAV	   -­‐0.0302***	   -­‐0.0222***	   -­‐0.0834***	   -­‐0.0956***	  
	   (-­‐0.00255)	   (-­‐0.00255)	   (-­‐0.00329)	   (-­‐0.00328)	  
Owner_EC	   -­‐0.168***	   -­‐0.176***	   -­‐0.133***	   -­‐0.116***	  
	   (-­‐0.00248)	   (-­‐0.00248)	   (-­‐0.0032)	   (-­‐0.00319)	  
Owner_SpecRef	   0.185***	   0.187***	   0.0711***	   0.0631***	  
	   (-­‐0.00192)	   (-­‐0.00191)	   (-­‐0.00242)	   (-­‐0.00241)	  
VAV	   0.0497***	   0.0370***	   0.126***	   0.131***	  
	   (-­‐0.00224)	   (-­‐0.00224)	   (-­‐0.00291)	   (-­‐0.0029)	  
EC	   0.231***	   0.252***	   0.196***	   0.200***	  
	   (-­‐0.00225)	   (-­‐0.00226)	   (-­‐0.00293)	   (-­‐0.00292)	  
Specular	  Reflector	   -­‐0.0244***	   -­‐0.0382***	   0.0677***	   0.0607***	  
	   (-­‐0.00162)	   (-­‐0.00162)	   (-­‐0.00209)	   (-­‐0.00208)	  
Electronic	  Ballast	   	   	   -­‐0.00521***	   0.0127***	  
	   	   	   (-­‐0.00176)	   (-­‐0.00176)	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Awnings/Overhangs	   	   	   0.0199***	   0.0258***	  
	   	   	   (-­‐0.00162)	   (-­‐0.00162)	  
Occupancy	  Sensor	   	   	   0.498***	   0.544***	  
	   	   	   (-­‐0.00786)	   (-­‐0.00782)	  
Owner_Ballast	   	   	   0.0780***	   0.0710***	  
	   	   	   (-­‐0.00196)	   (-­‐0.00195)	  
Owner_Awnings/Overhangs	   	   	   0.0460***	   0.0343***	  
	   	   	   (-­‐0.00184)	   (-­‐0.00184)	  
Owner_Occupancy	  Sensor	   	   	   -­‐0.529***	   -­‐0.564***	  
	   	   	   (-­‐0.00834)	   (-­‐0.0083)	  
%	  Lit	  Open	  Hours	   Y	   Y	   Y	   Y	  
%	  Lit	  Closed	  Hours	   Y	   Y	   Y	   Y	  
Number	  of	  Floors	   Y	   Y	   Y	   Y	  
Princ.	  Building	  Act.	   Y	   Y	   Y	   Y	  
Year	  Constructed	   Y	   Y	   Y	   Y	  
Main	  Heating	  Eq.	   Y	   Y	   Y	   Y	  
Main	  Heating_Owner	   Y	   Y	   Y	   Y	  
Main	  Cooling	  Eq.	   Y	   Y	   Y	   Y	  
Main	  Cooling_Owner	   Y	   Y	   Y	   Y	  
Main	  Lighting	  Eq.	   N	   Y	   N	   Y	  
Year	  Fixed	  Effects	   Y	   Y	   Y	   Y	  
Census	  Division	  FE	   N	   Y	   N	   Y	  
Year*Census	  FE	   N	   Y	   N	   Y	  
Wall	  Construction	   N	   N	   Y	   Y	  
Roof	  Construction	   N	   N	   Y	   Y	  
Electricity	  Prices	   N	   N	   N	   N	  
Constant	   19.16***	   19.53***	   21.63***	   21.34***	  
	   (-­‐0.037)	   (-­‐0.0418)	   (-­‐0.0455)	   (-­‐0.0511)	  
	   	   	   	   	  
Observations	   5,269,963	   5,269,963	   3,833,548	   3,833,548	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Table	  8:	  Single	  Tenant	  Natural	  Gas	  Consumption	  
Variables	  





	  	  Year	  FE	  
Excluding	  1999-­	  	  
Year*Census	  FE	  	   (1)	   (2)	   (3)	   (4)	  
Owner	   -­‐0.0654***	   -­‐0.0737***	   -­‐0.0862***	   -­‐0.0812***	  
	   (-­‐0.0019)	   (-­‐0.00189)	   (-­‐0.00251)	   (-­‐0.00251)	  
ln	  Heating	  Degree-­Days	   -­‐0.673***	   -­‐0.202***	   -­‐0.695***	   -­‐0.782***	  
	   (-­‐0.0177)	   (-­‐0.0197)	   (-­‐0.0227)	   (-­‐0.0252)	  
ln	  Heating	  Degree-­Days^2	   0.0820***	   0.0506***	   0.0883***	   0.0890***	  
	   (-­‐0.00111)	   (-­‐0.00127)	   (-­‐0.00141)	   (-­‐0.00161)	  
ln	  Square-­Footage	   0.598***	   0.601***	   0.552***	   0.562***	  
	   (-­‐0.00059)	   (-­‐0.00059)	   (-­‐0.000703)	   (-­‐0.000705)	  
ln	  Hours	  of	  Operation	   -­‐0.175***	   -­‐0.171***	   0.0449***	   0.0666***	  
	   (-­‐0.00282)	   (-­‐0.00283)	   (-­‐0.00319)	   (-­‐0.0032)	  
ln	  Hours	  of	  Operation^3	   0.0133***	   0.0126***	   0.00662***	   0.00546***	  
	   (-­‐7.90E-­‐05)	   (-­‐7.93E-­‐05)	   (-­‐9.01E-­‐05)	   (-­‐9.03E-­‐05)	  
EMCS	   -­‐0.186***	   -­‐0.103***	   0.154***	   0.196***	  
	   (-­‐0.00395)	   (-­‐0.00394)	   (-­‐0.0058)	   (-­‐0.00577)	  
Tinted	  Glass	   0.0273***	   0.0303***	   0.0437***	   0.0527***	  
	   (-­‐0.00218)	   (-­‐0.00216)	   (-­‐0.00265)	   (-­‐0.00264)	  
VAV	   -­‐0.0989***	   -­‐0.168***	   -­‐0.110***	   -­‐0.120***	  
	   (-­‐0.00343)	   (-­‐0.00342)	   (-­‐0.0045)	   (-­‐0.00449)	  
EC	   0.163***	   0.226***	   0.271***	   0.311***	  
	   (-­‐0.00324)	   (-­‐0.00325)	   (-­‐0.00411)	   (-­‐0.00411)	  
Specular	  Reflector	   -­‐0.0881***	   -­‐0.0923***	   -­‐0.117***	   -­‐0.0787***	  
	   (-­‐0.00245)	   (-­‐0.00245)	   (-­‐0.00314)	   (-­‐0.00314)	  
Owner_Tinted	  Glass	   -­‐0.0589***	   -­‐0.0779***	   -­‐0.127***	   -­‐0.142***	  
	   (-­‐0.0025)	   (-­‐0.00249)	   (-­‐0.00301)	   (-­‐0.003)	  
Owner_EMCS	   0.235***	   0.170***	   -­‐0.0715***	   -­‐0.120***	  
	   (-­‐0.00449)	   (-­‐0.00447)	   (-­‐0.00639)	   (-­‐0.00636)	  
Owner_VAV	   0.164***	   0.217***	   0.297***	   0.289***	  
	   (-­‐0.00392)	   (-­‐0.0039)	   (-­‐0.00512)	   (-­‐0.0051)	  
Owner_EC	   -­‐0.0919***	   -­‐0.101***	   -­‐0.173***	   -­‐0.170***	  
	   (-­‐0.00361)	   (-­‐0.00358)	   (-­‐0.00457)	   (-­‐0.00455)	  
Owner_Specluar	  Reflector	   0.241***	   0.241***	   0.229***	   0.179***	  
	   (-­‐0.00291)	   (-­‐0.0029)	   (-­‐0.00361)	   (-­‐0.00361)	  
Awnings/Overhangs	   	   	   -­‐0.143***	   -­‐0.151***	  
	   	   	   (-­‐0.00252)	   (-­‐0.00251)	  
Occupancy	  Sensor	   	   	   0.528***	   0.663***	  
	   	   	   (-­‐0.012)	   (-­‐0.0119)	  
Owner_Occupancy	  Sensor	   	   	   -­‐0.547***	   -­‐0.615***	  
	   	   	   (-­‐0.0127)	   (-­‐0.0127)	  
Owner_Awnings/Overhangs	   	   	   0.177***	   0.178***	  
	   	   	   (-­‐0.00285)	   (-­‐0.00285)	  
Number	  of	  Floors	   Y	   Y	   Y	   Y	  
Princ.	  Building	  Act.	   Y	   Y	   Y	   Y	  
Year	  Constructed	   Y	   Y	   Y	   Y	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Main	  Heating	  Eq.	   Y	   Y	   Y	   Y	  
Main	  Heating_Owner	   Y	   Y	   Y	   Y	  
Year	  Fixed	  Effects	   Y	   Y	   Y	   Y	  
Census	  Division	  FE	   N	   Y	   N	   Y	  
Year*Census	  FE	   N	   Y	   N	   Y	  
Wall	  Construction	   N	   N	   Y	   Y	  
Roof	  Construction	   N	   N	   Y	   Y	  
Nat	  Gas	  Prices	   N	   N	   N	   N	  
Constant	   12.80***	   10.88***	   14.23***	   14.71***	  
	   (-­‐0.0723)	   (-­‐0.0779)	   (-­‐0.0929)	   (-­‐0.1)	  
	   	   	   	   	  
Observations	   3,437,680	   3,437,680	   2,493,339	   2,493,339	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Excluding	  1999-­	  	  
Year*Census	  FE	  
-­	  Select	  Building	  
Type	  	   (1)	   (2)	   (3)	   (4)	   (5)	  
Owner	   0.0125***	   0.0445***	   0.108***	   0.133***	   0.227***	  
	   (-­‐0.00274)	   (-­‐0.00274)	   (-­‐0.00366)	   (-­‐0.00365)	   (-­‐0.00474)	  
ln	  Heating	  Degree-­Days	   -­‐1.629***	   -­‐2.345***	   -­‐2.278***	   -­‐2.782***	   -­‐2.135***	  
	   (-­‐0.00919)	   (-­‐0.0116)	   (-­‐0.0115)	   (-­‐0.014)	   (-­‐0.0208)	  
ln	  Heating	  Degree-­Days^2	   0.126***	   0.178***	   0.169***	   0.202***	   0.159***	  
	   (-­‐0.000597)	   (-­‐0.000802)	   (-­‐0.000741)	   (-­‐0.000956)	   (-­‐0.00143)	  
ln	  Cooling	  Degree-­Days	   -­‐0.237***	   -­‐0.279***	   -­‐0.135***	   -­‐0.197***	   -­‐0.788***	  
	   (-­‐0.00653)	   (-­‐0.00768)	   (-­‐0.00784)	   (-­‐0.00937)	   (-­‐0.0137)	  
lnCooling	  Degree_Days^2	   0.0272***	   0.0349***	   0.0182***	   0.0241***	   0.0663***	  
	   (-­‐0.000516)	   (-­‐0.000641)	   (-­‐0.000612)	   (-­‐0.000771)	   (-­‐0.00115)	  
ln	  Square-­Footage	   0.394***	   0.409***	   0.401***	   0.435***	   0.502***	  
	   (-­‐0.00216)	   (-­‐0.00216)	   (-­‐0.00254)	   (-­‐0.00254)	   (-­‐0.00361)	  
ln	  Square-­Footage^3	   0.00111***	   0.00107***	   0.000908***	   0.000794***	   0.000589***	  
	   (-­‐8.51E-­‐06)	   (-­‐8.49E-­‐06)	   (-­‐1.01E-­‐05)	   (-­‐1.01E-­‐05)	   (-­‐1.41E-­‐05)	  
ln	  Hours	  of	  Operation	   -­‐0.199***	   -­‐0.185***	   -­‐0.0875***	   -­‐0.0569***	   0.926***	  
	   (-­‐0.00187)	   (-­‐0.00188)	   (-­‐0.00213)	   (-­‐0.00213)	   (-­‐0.0116)	  
ln	  Hours	  of	  Operation^3	   0.0205***	   0.0197***	   0.0161***	   0.0149***	   -­‐0.00643***	  
	   (-­‐5.41E-­‐05)	   (-­‐5.42E-­‐05)	   (-­‐6.19E-­‐05)	   (-­‐6.19E-­‐05)	   (-­‐0.000241)	  
EMCS	   0.128***	   0.127***	   0.331***	   0.327***	   0.313***	  
	   (-­‐0.00397)	   (-­‐0.00393)	   (-­‐0.00491)	   (-­‐0.00486)	   (-­‐0.00516)	  
Tinted	  Glass	   0.0277***	   0.0373***	   0.0832***	   0.0855***	   0.0372***	  
	   (-­‐0.00217)	   (-­‐0.00216)	   (-­‐0.00272)	   (-­‐0.00271)	   (-­‐0.00313)	  
Owner_Tinted	  Glass	   0.0530***	   0.0440***	   -­‐0.0504***	   -­‐0.0467***	   -­‐0.0286***	  
	   (-­‐0.00231)	   (-­‐0.0023)	   (-­‐0.00287)	   (-­‐0.00286)	   (-­‐0.00347)	  
Owner_EMCS	   0.0380***	   0.00727*	   -­‐0.0938***	   -­‐0.109***	   0.151***	  
	   (-­‐0.00421)	   (-­‐0.00417)	   (-­‐0.00521)	   (-­‐0.00516)	   (-­‐0.00593)	  
Owner_VAV	   -­‐0.114***	   -­‐0.0732***	   0.0690***	   0.0791***	   0.130***	  
	   (-­‐0.00334)	   (-­‐0.00335)	   (-­‐0.00482)	   (-­‐0.00479)	   (-­‐0.00558)	  
Owner_EC	   -­‐0.0615***	   -­‐0.0875***	   -­‐0.168***	   -­‐0.194***	   -­‐0.323***	  
	   (-­‐0.00322)	   (-­‐0.0032)	   (-­‐0.00388)	   (-­‐0.00385)	   (-­‐0.0046)	  
Owner_Specular	  Reflector	   0.134***	   0.145***	   0.154***	   0.168***	   0.227***	  
	   (-­‐0.00272)	   (-­‐0.0027)	   (-­‐0.00345)	   (-­‐0.00342)	   (-­‐0.00442)	  
VAV	   0.150***	   0.118***	   -­‐0.00899**	   -­‐0.0127***	   -­‐0.0340***	  
	   (-­‐0.00311)	   (-­‐0.00314)	   (-­‐0.00456)	   (-­‐0.00453)	   (-­‐0.00498)	  
EC	   0.122***	   0.148***	   0.238***	   0.270***	   0.339***	  
	   (-­‐0.00303)	   (-­‐0.00301)	   (-­‐0.00364)	   (-­‐0.00361)	   (-­‐0.00403)	  
Specular	  Reflector	   0.0332***	   0.00587**	   -­‐0.00499	   -­‐0.0356***	   -­‐0.107***	  
	   (-­‐0.00251)	   (-­‐0.00249)	   (-­‐0.0032)	   (-­‐0.00318)	   (-­‐0.00395)	  
Electronic	  Ballast	   	   	   0.0461***	   0.0696***	   0.118***	  
	   	   	   (-­‐0.00322)	   (-­‐0.00321)	   (-­‐0.00414)	  
Awnings/Overhangs	   	   	   -­‐0.0236***	   -­‐0.0185***	   0.00386	  
	   	   	   (-­‐0.00271)	   (-­‐0.00269)	   (-­‐0.00314)	  
Occupancy	  Sensor	   	   	   0.425***	   0.418***	   0.314***	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   (-­‐0.00938)	   (-­‐0.00927)	   (-­‐0.00973)	  
Owner_Electronic	  Ballast	   	   	   0.0283***	   0.0165***	   -­‐0.0121***	  
	   	   	   (-­‐0.0033)	   (-­‐0.00329)	   (-­‐0.00431)	  
Owner_Awnings/Overhangs	   	   	   0.0954***	   0.0817***	   -­‐0.0285***	  
	   	   	   (-­‐0.00285)	   (-­‐0.00283)	   (-­‐0.00346)	  
Owner_Occupancy	  Sensor	   	   	   -­‐0.429***	   -­‐0.413***	   -­‐0.249***	  	   	   	   (-­‐0.00978)	   (-­‐0.00968)	   (-­‐0.0105)	  
%	  Lit	  Open	  Hours	   Y	   Y	   Y	   Y	   Y	  
%	  Lit	  Closed	  Hours	   Y	   Y	   Y	   Y	   Y	  
Number	  of	  Floors	   Y	   Y	   Y	   Y	   Y	  
Princ.	  Building	  Act.	   Y	   Y	   Y	   Y	   N	  
Year	  Constructed	   Y	   Y	   Y	   Y	   Y	  
Main	  Heating	  Eq.	   Y	   Y	   Y	   Y	   Y	  
Main	  Heating_Owner	   Y	   Y	   Y	   Y	   Y	  
Main	  Cooling	  Eq.	   Y	   Y	   Y	   Y	   Y	  
Main	  Cooling_Owner	   Y	   Y	   Y	   Y	   Y	  
Main	  Lighting	  Eq.	   Y	   Y	   Y	   Y	   Y	  
Year	  Fixed	  Effects	   Y	   Y	   Y	   Y	   Y	  
Census	  Division	  FE	   N	   Y	   N	   Y	   Y	  
Year*Census	  FE	   N	   Y	   N	   Y	   Y	  
Wall	  Construction	   N	   N	   Y	   Y	   Y	  
Roof	  Construction	   N	   N	   Y	   Y	   Y	  
Electricity	  Prices	   N	   N	   N	   N	   N	  
Constant	   19.83***	   21.74***	   22.26***	   23.82***	   20.56***	  
	   (-­‐0.0404)	   (-­‐0.0461)	   (-­‐0.0491)	   (-­‐0.0552)	   (-­‐0.0898)	  
	   	   	   	   	   	  
Observations	   4,484,377	   4,484,377	   3,285,426	   3,285,426	   1,534,946	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Excluding	  1999-­	  	  
Year*Census	  FE	  -­	  
Select	  Building	  
Type	  	   (1)	   (2)	   (3)	   (4)	   (5)	  Owner	   0.159***	   0.208***	   0.0884***	   0.0937***	   0.177***	  	   (-­‐0.00301)	   (-­‐0.00301)	   (-­‐0.00421)	   (-­‐0.00421)	   (-­‐0.00545)	  ln	  Heating	  Degree-­‐Days	   -­‐0.411***	   -­‐0.0670***	   -­‐1.153***	   -­‐1.654***	   -­‐2.137***	  	   (-­‐0.0199)	   (-­‐0.0219)	   (-­‐0.0244)	   (-­‐0.0271)	   (-­‐0.0499)	  ln	  Heating	  Degree-­‐Days^2	   0.0665***	   0.0457***	   0.119***	   0.150***	   0.182***	  	   (-­‐0.00125)	   (-­‐0.00141)	   (-­‐0.00153)	   (-­‐0.00174)	   (-­‐0.00314)	  ln	  Square-­‐Footage	   0.599***	   0.608***	   0.561***	   0.568***	   0.624***	  	   (-­‐0.000656)	   (-­‐0.000652)	   (-­‐0.000779)	   (-­‐0.000779)	   (-­‐0.00116)	  ln	  Hours	  of	  Operation	   -­‐0.196***	   -­‐0.200***	   0.0366***	   0.0686***	   1.359***	  	   (-­‐0.00305)	   (-­‐0.00305)	   (-­‐0.00349)	   (-­‐0.00348)	   (-­‐0.0184)	  ln	  Hours	  of	  Operation^3	   0.0133***	   0.0126***	   0.00669***	   0.00541***	   -­‐0.0260***	  	   (-­‐8.61E-­‐05)	   (-­‐8.58E-­‐05)	   (-­‐9.83E-­‐05)	   (-­‐9.84E-­‐05)	   (-­‐0.000381)	  EMCS	   0.0415***	   0.0245***	   -­‐0.0637***	   -­‐0.0845***	   -­‐0.247***	  	   (-­‐0.00621)	   (-­‐0.00609)	   (-­‐0.00728)	   (-­‐0.0072)	   (-­‐0.00799)	  Tinted	  Glass	   0.0426***	   0.110***	   0.0161***	   0.0386***	   -­‐0.0850***	  	   (-­‐0.00325)	   (-­‐0.00321)	   (-­‐0.00402)	   (-­‐0.00399)	   (-­‐0.00472)	  VAV	   0.137***	   0.0762***	   -­‐0.108***	   -­‐0.0567***	   -­‐0.0250***	  	   (-­‐0.00454)	   (-­‐0.00458)	   (-­‐0.00672)	   (-­‐0.00665)	   (-­‐0.00724)	  EC	   0.0820***	   0.152***	   0.177***	   0.216***	   0.145***	  	   (-­‐0.00448)	   (-­‐0.00441)	   (-­‐0.00528)	   (-­‐0.00524)	   (-­‐0.00589)	  Specular	  Reflector	   0.203***	   0.163***	   0.0312***	   0.00855*	   0.0686***	  	   (-­‐0.00365)	   (-­‐0.00359)	   (-­‐0.00449)	   (-­‐0.00445)	   (-­‐0.00569)	  Owner_Tinted	  Glass	   -­‐0.0771***	   -­‐0.156***	   -­‐0.0844***	   -­‐0.115***	   -­‐0.109***	  	   (-­‐0.00349)	   (-­‐0.00346)	   (-­‐0.00426)	   (-­‐0.00424)	   (-­‐0.0053)	  Owner_EMCS	   0.00451	   0.0239***	   0.140***	   0.143***	   0.358***	  	   (-­‐0.00658)	   (-­‐0.00645)	   (-­‐0.00775)	   (-­‐0.00767)	   (-­‐0.00917)	  Owner_VAV	   -­‐0.0633***	   -­‐0.00915*	   0.271***	   0.217***	   0.325***	  	   (-­‐0.00491)	   (-­‐0.00493)	   (-­‐0.00716)	   (-­‐0.00708)	   (-­‐0.00824)	  Owner_EC	   -­‐0.0311***	   -­‐0.0437***	   -­‐0.116***	   -­‐0.114***	   -­‐0.116***	  	   (-­‐0.0048)	   (-­‐0.00472)	   (-­‐0.00569)	   (-­‐0.00563)	   (-­‐0.00688)	  Owner_Specular	  Reflector	   -­‐0.0676***	   -­‐0.0505***	   0.0522***	   0.0542***	   -­‐0.228***	  	   (-­‐0.00401)	   (-­‐0.00394)	   (-­‐0.00487)	   (-­‐0.00482)	   (-­‐0.00641)	  Awnings/Overhangs	   	   	   0.0533***	   0.0293***	   0.0414***	  	   	   	   (-­‐0.00392)	   (-­‐0.00389)	   (-­‐0.0048)	  Occupancy	  Sensors	   	   	   0.597***	   0.620***	   0.384***	  	   	   	   (-­‐0.014)	   (-­‐0.0138)	   (-­‐0.0153)	  Owner_Occupancy	  Sensors	   	   	   -­‐0.589***	   -­‐0.517***	   -­‐0.276***	  	   	   	   (-­‐0.0147)	   (-­‐0.0145)	   (-­‐0.0166)	  Owner_Awnings/Overhangs	   	   	   -­‐0.00935**	   0.00124	   -­‐0.00475	  	   	   	   (-­‐0.00413)	   (-­‐0.00411	   (-­‐0.00532)	  
%	  Lit	  Open	  Hours	   Y	   Y	   Y	   Y	   Y	  
%	  Lit	  Closed	  Hours	   Y	   Y	   Y	   Y	   Y	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Number	  of	  Floors	   Y	   Y	   Y	   Y	   Y	  
Princ.	  Building	  Act.	   Y	   Y	   Y	   Y	   N	  
Year	  Constructed	   Y	   Y	   Y	   Y	   Y	  
Main	  Heating	  Eq.	   Y	   Y	   Y	   Y	   Y	  
Main	  Heating_Owner	   Y	   Y	   Y	   Y	   Y	  
Year	  Fixed	  Effects	   Y	   Y	   Y	   Y	   Y	  
Census	  Division	  FE	   N	   Y	   N	   Y	   Y	  
Year*Census	  FE	   N	   Y	   N	   Y	   Y	  
Wall	  Construction	   N	   N	   Y	   Y	   Y	  
Roof	  Construction	   N	   N	   Y	   Y	   Y	  
Nat	  Gas	  Prices	   N	   N	   N	   N	   N	  
Constant	   12.87***	   11.32***	   15.93***	   17.73***	   15.81***	  
	   (-­‐0.0821)	   (-­‐0.0869)	   (-­‐0.101)	   (-­‐0.108)	   (-­‐0.214)	  
	   	   	   	   	   	  
Observations	   2935189	   2935189	   2148580	   2148580	   1036746	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Appendix	  1:	  	  
Description	  of	  Key	  Technology	  Variables	  Used	  in	  This	  Study	  	  	   The	  heating	  and	  cooling	  technologies	  examined	  in	  this	  study	  are	  all	  centrally	  installed	   units.	   For	   central	   heating,	   furnaces,	   boilers,	   packaged	  heating	   units,	   heat	  pumps,	  and	  district	  steam	  are	  examined.	  For	  central	  cooling,	  packaged	  cooling	  units,	  central	  air-­‐conditioning,	  heat	  pumps	   for	  cooling,	  district	   chilled	  water,	  and	  central	  chillers	  are	  examined.	  	  	   The	  lighting	  technologies	  examined	  include	  incandescent,	  fluorescent	  fixtures,	  compact	  fluorescent,	  and	  high	  intensity	  discharge	  lighting.	  Halogen	  lighting	  is	  excluded	  due	  to	  how	  few	  buildings	  used	  it	  at	  a	  main	  source	  of	  lighting.	  The	   specific	   efficient	   technologies	   examined	   in	   this	   study	   that	   pertain	   to	  heating	  and	  cooling	   include	  variable	  air	  volume	  systems	  (VAV),	  economizer	  cycles	  (EC)	   for	   cooling,	   and	   electricity	  management	   control	   systems	   (EMCS)	   for	   heating.	  Those	   pertaining	   to	   lighting	   include	   electronic	   ballasts,	   specular	   reflectors,	   and	  occupancy	   sensors.	   The	   technologies	   pertaining	   to	   windows	   include	   tinted	   and	  reflective	  glass,	  and	  window	  awnings	  and	  overhangs.	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Appendix	  2:	  




Total	  Electricity	  Consumption	  in	  Commercial	  Buildings	  
	  Source:	  www.eia.gov.12	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  12	  "Lighting	  in	  Commercial	  Buildings:	  Introduction."	  EIA,	  last	  modified	  2009,	  http://www.eia.doe.gov/emeu/cbecs/cbecs2003/lighting/lighting1.html.	  	  
